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w i t h  e the r  a n d  cent r i fuged .  T he  solid was appl ied  to  a 
sil ica gel s h o r t  c o l u m n  and  e lu ted  w i t h  a ch l o r o fo rm/  
m e t h a n o l  g r a d i e n t  of 2 0 : 1 / 4 : 1  and  t he  p r o d u c t  zone 
f reeze-dr ied  f rom d i o x a n e / w a t e r  to  give 155 m g  (55%).  
F u r t h e r  pu r i f i ca t ion  was car r ied  ou t  b y  TLC ove r  silica 
gel to  give 2 as l igh t  ye l low c rys ta l s  (mp. > 100~ dec.) 
f r om d ioxane /wa te r .  
Physical data. 1H-NMR (d6DMSO/TMS : 0) 5.52 a n d  
5.54 (2H, d), 5.88 (1H, s), 6.30 (1H, s), 6.68 (2H, s), 7.8 
(4H, m) a n d  10.78 (1H, s). s~p-NMR (d~DMSO/85% 
I-I3PO 4 = 0) + 4 . 6 7  e a n d  + 5 . 9 1  a. U V  (Methanol)  e256 = 
4.26 TLC ( c h l o r o f o r m / m e t h a n o l  4/1) 0.31, (benzene/ iso-  
p r o p a n o t  2/1) 0.24, c o m p a r a b l e  to t h y m i d i n e .  

CI~Hz~NoOoP (480.3) calculated: C 42.51 H 3.57 N 17.50 P 6.46 
found: C 42.33 H 3.85 N 17.22 P 6.27. 
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Microbiological transformation of biflavonel 

P. G a n d h i  
Central Food Technological Research Institute, Mysore-570013 (India), 17 May 1977 

Summary. I n c u b a t i o n  of 5 , 5 ' - 7 , 7 ' - t e t r a m e t h o x y - 8 , 8 ' - b i f l a v o n e  w i t h  Aspergillus niger resu l t s  in  t he  f o r m a t i o n  of 4,4'-  
d ihydroxy-5 ,5 ' -7 ,  7 ' - t e t r a m e t h o x y - 8 , 8 ' - b i f l a v a n .  

B i f l a v a n s  w i t h  4 ,4 '  l inkage  a n d  diol  g roup ings  h a v e  been  
syn thes i sed  b y  r e d u c t i v e  d i m er i za t i on  of t he  co r r e spond ing  
f l a v a n o n e s  2. /3 i f lavans w i t h  - 4 , 8 -  l inkages  are easi ly  for- 
med  b y  the  c o n d e n s a t i o n  of the  respec t ive  f lavan-4-olsa .  
So far  b i f l avans  w i t h  t h e  l inkage  b e t w e e n  t he  r ing  A of 2 
f l a v a n  un i t s  are no t  known.  I n  the  p r e s en t  c o m m u n i -  
ca t ion ,  we wish  to r e p o r t  t he  f o r m a t i o n  of t he  b i f l a v a n  
(2a) f rom the  b i f l avone  (1) b y  the  fungus  Aspergillus niger. 
The  fungus  Aspergillus niger was cu l t u r ed  in t he  modif ied  
Czapeck-Dox  m e d i u m  4, 5 w i t h o u t  s u b s t r a t e  for 25 h. 5,5'- 
7 , 7 ' - t e t r a m e t h o x y - 8 , 8 ' - b i f l a v o n e  6 (0.1 ~o in alcohol) was  
added  a n d  i n c u b a t i o n  c o n t i n u e d  for an  a d d i t i o n a l  pe r iod  
of 103 h a t  29~ A t  th i s  t ime  the  myce l ia l  mass  was 
ace ton ised  a n d  t h e n  e x t r a c t e d  a long w i t h  t he  cu l tu re  
f i l t ra te ,  w i t h  e t h y l  ace ta t e .  F r o m  t h e  e t h y l  a ce t a t e  e x t r a c t  
c o m p o u n d  (2a) was  i so la ted  in 7% yield as colourless  

OMe 

MeO--~ 

Me0--  

0 OMe R 

OMe 0 OMe R 
( I )  ( 2 )  R o H 

(2a) R = OH 
(2b) R - OCOCH 3 

a m o r p h o u s  p o w d e r  (m.p. 150~ v3460 cm-1),  bes ides  
o t h e r  un iden t i f i ed  p r o d u c t s  b y  c o l u m n  c h r o m a t o g r a p h y  
on  silica gel. The  d i s a p p e a r a n c e  of the  c a r b o n y l  g roup  
d u r i n g  t he  f e r m e n t a t i o n  and  t he  emergence  of t he  h y d r o x y l  
group,  a n d  t he  cha rac t e r i s t i c  co lour  reac t ions ,  s t r ong ly  
sugges t  t h a t  t he  p r o d u c t  is a b i f l avan .  I t  was  a c e t y l a t e d  
a n d  t he  d i a c e t a t e  (2b) was  used for a de ta i l ed  s t u d y  
(m.p. 141-143~ v1780 cm-1).  
The  N M R - s p e c t r u m  of t he  b i f l a v a n  d i a c e t a t e  (2b) showed  
t he  fol lowing s ignals :  d CDC13:6.7 (s,2H) ass igned  to the  
p ro tons  a t  t he  6,6'  posi t ion,  2.8 to  2.5 (m,4H) to t he  
m e t h y l e n e  p ro tons ,  5.6 to  4.7 (m,4H) to t he  m e t h i n e  
p ro tons ,  3.7 (s,6H) to t he  2 m e t h o x y  groups,  3.8 (s,6H) 
to  the  2 m e t h o x y  groups,  7.0 to  6.8 (m,10H) to t he  
p r o t o n s  o5 r ing  B a n d  2.5 to  1.6 (m,4H) to  t h e  p r o t o n s  
of t he  2 a c e t o x y  groups .  F r o m  t h e  absence  of ke ton ic  
a b s o r p t i o n  in the  I R - s p e c t r u m  of t he  c o m p o u n d  (2a) and  
t he  N M R - s p e c t r u m  of t he  c o m p o u n d  (2b), i t  is conc luded  
t h a t  Aspergillus niger metabo l i z ed  5 , 5 ' - 7 , 7 ' - t e t r a m e t h o x y -  
8 ,8 ' -b i f lavone  b y  t he  r e d u c t i o n  of t he  c a r b o n y l  g roup  and  
t h e  doub le  b o n d  a t  Ce a n d  C 3. 
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Transition metals in calf thymus deoxyribonucleoprotein 

V. A. Skrinska, L. Messineo, R. L. R. Towns and IK. H. Pearson i 

Department o/ Chemistry, Cleveland State University, Cleveland (Ohio 44115, USA), 27 May 1977 

Summary: Fe, Ni, Cu a n d  Zn were found  b y  energy-d i spe r s ive  X - r a y  f luorescence in calf  t h y m u s  deoxyr ibonuc leo -  
p ro te in .  The  X - r a y  ana lyses  ind ica t ed  t he  absence  of Cr, Mn a n d  Co. 

W e  are r epo r t i ng  t he  resu l t s  of an  X - r a y  f luorescence The  i m p o r t a n c e  of t r a n s i t i o n  m e t a l s  in  t he  f u n c t i o n  of 
ana lys i s  of Cr, Mn, Fe, Co, Ni, Cu, Zn a n d  Ga in n a t i v e  c o n j u g a t e d  biological  molecules  is well  es tab l i shed .  The  
deoxyr ibonuc le ic  acid ( D N A ) - c h r o m o s o m a l  p r o t e i n  corn- p resence  of t r a n s i t i o n  m e t a l s  in  deoxyr ibonuc le i c  acid 
plex,  d e o x y r i b o n u c l e o p r o t e i n  (DNP),  e x t r a c t e d  f rom calf  (DNA) h a s  been  r epo r t ed  5-s. W a c k e r  a n d  Val lee  5 h a v e  
t h y m u s  b y  a mod i f i ca t i on  of Mess ineo 's  m e t h o d  2-~. r e p o r t e d  t h e  emiss ion  spec t rog raph i c  ana lys i s  oI Cr, Mn, 
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Fe, Cu and  Zn in D N A  ex t r ac t ed  f rom bovine  liver. 
The resul ts  t h e y  ob ta ined  for D N A  ex t r ac t ed  by  2 dif- 
fe ren t  me thods ,  the  10% sodium chloride m e t h o d  9 and  
the  pheno l  m e t h o d  10,11, were compared ,  and  subs tan t i a l  
differences were observed  in the  amoun t s  of me ta l  
recovered.  
Belokobyl '  skit e t  al. 6 and  Andronikashvi l i  e t  alY, s have  
repor ted  the  neu t ron  ac t iva t ion  analysis  of Cr, Mn, Fe, 
Cu, and  Zn in D N A  ex t r ac t ed  f rom var ious  t issues b y  
Georgiev 's  m e t h o d  1~, and  suff icient  evidence was pre-  
sen ted  to  show t h a t  the  Zn was na t ive  to t he  D N A  and  
n o t  the  resu l t  of con t amina t i on  7. However ,  the  only  s t u d y  
of t r ans i t i on  meta l s  in D N P  is t h a t  of H e a t h  la, who re- 
p o r t e d  values  of 77 and 125 p p m  for Zn in D N P .  The 
Zn was d e t e r m i n e d  polarographica l ly  in ashed samples  
of D N P  ex t r ac t ed  f rom calf  t h y m u s  by  the  m e t h o d  of 
Mirsky  and  Pol l is ter  14. 
The m e t h o d s  used for D N A  ex t rac t ion  expose the  samples  
to  h igh  sa l t  concen t ra t ions  to  a t t a in  separa t ion  of pro-  
te ins  f rom DNA.  E x p o s u r e  of D N P  to h igh  sal t  concen t ra -  
t ions  dur ing  ex t rac t ion  damages  the  na t ive  con juga t ion  15, 
and  the  r emova l  of p ro te ins  f rom the  D N P  is accompanied  
b y  conformat iona l  changes  in the  p ro te in  and  D N A  16,17. 
These procedures  m a y  resul t  in some con t amina t i o n  or 
loss of t he  na t ive  metals .  Messineo's  m e t h o d  ~-4 for D N P  
ex t r ac t ion  was selected because it seems to  achieve a 
more  na t ive  soluble p repa ra t ion  consis t ing of 70% pro-  
te in  and  30% DNA,  and  the  procedure  a t  no t ime  exposes  
t he  sample  to  high sal t  concen t ra t ions  or s t rong  chela t ing  
agents .  
Mater ia l  and methods. The D N P  was ex t r ac t ed  f rom the  
t h y m u s  of 3 calves. F re sh  calf t h y m u s  was  b r o u g h t  to 
t he  l a b o r a t o r y  on ice and  i m m e d i a t e l y  processed wi th  a 
ceil separa to r  to free the  ceils f rom the  m e m b r a n e s  and  
fibres. The  ceils were br ief ly  homogen ized  in 0.01 F 
KHCO3 and  cent r i fuged a t  7000 • g for 20 min.  The pel le t  
was washed  twice b y  suspens ion  in 0.01 F glycine and  
cen t r i fuged  a t  7000 •  for 20 min.  The pel le t  was ex- 
t r a c t ed  b y  suspens ion  in 0.01 F glycine for 48-72 h. The 
ex t r ac t  was cent r i fuged a t  25 ,000•  for 30 rain and  

f i l tered t h r o u g h  a W h a t m a n  41 filter. The t e m p e r a t u r e  
was m a i n t a i n e d  at  4~ t h r o u g h o u t  t he  ex t rac t ion  pro-  
cedures.  The  glycine was r emo v ed  b y  gel f i l t ra t ion  
t h r o u g h  a P-10 gel co lumn wi th  0.01 F NH4HCO 3 buffer  
a t  p H  7.0. 
2 in te rna l  s t anda rds ,  Cr and  Ga, which  were no t  found  
in e i ther  the  D N P  or t h y m u s  ceils were added  to t he  
D N P  solut ion af ter  gel f i l t ra t ion.  For  the  analysis  of 
t h y m u s  ceils, the  2 in te rna l  s t anda rds  were added  to  
lyophil ized t h y m u s  cells and  mixed  unt i l  a homogeneous  
s lur ry  was  obta ined .  B o t h  types  of samples  were sub-  
sequen t ly  lyophi l ized and  pressed in to  30-50 mg pel lets  
for me ta l  analysis.  
The meta l s  in the  sample  pel lets  were analyzed b y  d i rec t  
X - r a y  f luorescence t echn iques  w i th  an energy  dispers ive  
X - r a y  spec t rome te r  modif ied  wi th  cycl indrical  g raph i t e  
m o n o e h r o m a t o r s  for the  inc ident  and  f luorescent  X-  
rays  ls-~~ The m i n i m u m  de tec t ion  l imi t  for the  me ta l s  
in D N P  was  found  to  be a p p r o x i m a t e l y  0.2 ppm.  The  
meta l s  were q u a n t i t a t e d  on the  basis of the  added  in te rna l  
s t a n d a r d s  by  ca l ibra t ion  curves  and  calculat ions based  
on a modi f ica t ion  of f u n d a m e n t a l  p a r a m e t e r  t ech-  
n iques  19, 20. The re l iabi l i ty  of the  f u n d a m e n t a l  p a r a m e t e r s  
calcula t ions  was verif ied b y  good ag reemen t  be tween  the  
resul ts  ob ta ined  and  those  r epor ted  by  the  Na t iona l  
Bureau  of S t a n d a r d s  (USA) for t he  meta l s  in Bovine  
Liver  No. 1577 and  Orchard  Leaves  No. 1571 reference 
mater ia ls .  The buffers  used for ex t rac t ion  were ana lyzed  
for c o n t a m i n a t i n g  mater ia ls ,  and only  Cu was found  a t  
6 ppb.  The  gel f i l t ra t ion  buffer  was found to  con ta in  
21 p p b  Cu af ter  e lut ion f rom the  column.  
Results  and discussion. As shown in tab le  1, only  Fe, Cu, 
Zn, and a t race  of Ni were de t ec t ed  in t he  3 D N P  samples.  
The resul ts  of the  me ta l  analysis  of the  cells ob t a ined  
f rom each t h y m u s  used for D N P  ex t r ac t ion  are shown 
in table  2. Nickel was  below the  de tec t ion  l imit  in t he  
t h y m u s  cells. Cr, Mn, Co and  Ga were analyzed bu t  no t  
de t ec t ed  in e i ther  t he  D N P  or the  t h y m u s  cells. A com- 
par ison of the  resul ts  in tab les  1 and 2 provides  some 
indica t ion  of the  me ta l  d i s t r ibu t ion  in the  t h y m u s  cells. 

Table 1. Trace metal analysis of calf thymus DNP 

Metal Amount found (ppm)* Mean 4- SD 
Sample No. 
1 2 3 

Fe 19 28 15 214-7 
Ni t** t t t 
Cu 19 15 16 174-2 
Zn 89 79 79 824-6 

*Each value represents the average obtained from calibration curves 
and fundamental parameters calculations. **Trace. 

Table 2. Trace metal analysis of calf thymus cells 

Metal Amount found (ppm)* Mean 4- SD 
Sample No. 

1 2 3 

Fe 43 79 40 54 4- 22 
Cu 6 6 6 6 
Zn 80 92 83 85 4- 6 

*Each value represents the average obtained from calibration curves 
and fundamental parameters calculations. 
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The Zn appears  to  be even t ly  d i s t r ibu ted  be tween  the  
D N P  and  the  sur rounding  cellular ma t t e r .  However ,  
cons ider ing t h a t  a p p r o x i m a t e l y  40% of t he  d ry  weigh t  
of the  t h y m u s  cells consis ts  of DNP,  the  resul ts  indica te  
t h a t  the  sur rounding  cellular m a t t e r  con ta ins  more  t h a n  
3 t imes  as m u c h  Fe as the  DNP.  Fu r the rmore ,  t he  resul ts  
show t h a t  essent ia l ly  all of the  Cu found in the  t h y m u s  
cells is concen t r a t ed  in the  DNP.  Since all of the  Cu 
found in the  ceils was recovered,  a p p a r e n t l y  there  was 
no s ignif icant  loss dur ing  the  ex t rac t ion .  

The values we r epo r t  for Zn in D N P  are cons is ten t  w i th  
those  previous ly  r epor ted  by  H e a t h  13. We did no t  de t ec t  
Cr and  Mn in calf  t h y m u s  D N P  as previous ly  r epo r t ed  
in DNA. The presence  of these  meta l s  m a y  be specific 
to  the  t y p e  of t issue.  
These s tudies  p rov ide  the  basis for fu r the r  inves t iga t ion  
in to  the  signif icance of the  meta ls  in D N P  and DNA.  
F u r t h e r  s tudies  are in progress  which  m a y  reveal  tile 
funct ion  of t r ans i t ion  meta l s  in D N P  and  provide  a 
be t t e r  u n d e r s t an d i n g  of nucleic acid mechanisms.  

S y n t h e s e s  of a m i n o  ac ids  f r o m  u n s a t u r a t e d  a l iphat ic  c a r b o x y l i c  acid by  contac t  g l o w  
d i s c h a r g e  e l ec t ro ly s i s  1 

K. Harada ,  S. Suzuki and H. I sh ida  

Department o/ Chemistry, The University o~ Tsukuba, Ibaraki, 300-31 (Japan), 21 June 1977 

Summary. H y d r o x y  amino acids are syn thes ized  f rom unsa tu ra t ed  a l iphat ic  carboxyl ic  acid using aqueous  a m m o n i a  
under  condi t ions  of con tac t  glow discharge electrolysis.  

Contac t  glow discharge electrolysis (CGDE) is a chemical  
change due to the  glow discharge in a solut ion conta in ing  
ions and  an electrode in con tac t  wi th  the  solution.  Many  
react ions  by  CGDE have  been s tudied  ma in ly  on inorganic  
compounds  such as water ,  ammonia  and  meta l  ion in 
an aqueous  solut ion 2, a. Recen t ly  a few s tudies  have  been 
repor ted  on the  fo rmat ion  of various amino  acids f rom 
al iphat ic  carboxyl ic  acids 4, 5 or a l iphat ic  amines  5, 6 using 
aqueous ammoniaca l  solutions or formic acid solutions,  
respect ively.  Urea,  glycine and  o ther  amino  acids were 
also formed in aqueous ammoniaca l  solut ions by  CGDE 
using a carbon rode as the  anode 7. 
In  the  p re sen t  paper ,  the  synthes is  of h y d r o x y  amino 
acid f rom u n s a t u r a t e d  al iphat ic  carboxyl ic  acid by  CGDE 
is descr ibed.  The CGDE was carried out  in the  react ion 
tube  (a single tube  equipped  wi th  p l a t i num ca thode  and 
anode 5) con ta in ing  an ammoniaca l  solut ion (about  15 ml) 
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Aminations of acrylic acid and maleic acid by CGDE. L Reaction of 
acrylic acid. A Aspartie acid (Asp); B threonine (Thr); C serine 
(Ser); D glutamic acid (Glu); E glyeine (Gly); F alanine (Ala); G 
~-aminobutyrie acid (g-ABA) ; H/~-Ala, Other peaks are of unknown 
amino acids. Iso-Ser was analyzed by basic colmnn. II. Reaction of 
maleie acid. A erythro-/~-Hydroxyaspartie acid (e-OH-Asp); B 
threo-/~-hydroxyaspartic acid (t-OH-Asp); C Asp; D Ser; E Glu; 
F Gly; GAla; H c~-ABA; I ~-Ala. Other peaks are of unknown 
amino acids. 

of a subs t ra te  (0.005 moles) for 1 h under  sa tu ra t ion  of 
ammo n i a  gas while st irr ing,  The appl ied electric cu r ren t  
was 50-60 mA at  400-600 V. The reac t ion  t e m p e r a t u r e  
was kep t  a t  10-15~ by  cooling the  reac t ion  tube  in a 
m e t h a n o l - d r y  ice ba th .  Af ter  the  react ion was over,  t he  
solut ion was evapo ra t ed  to a lmost  d ryness  under  reduced  
pressure  and the  residue was d i lu ted  appropr i a t e ly  for 
amino acid analysis  (amino acid analyzer :  Yanag imoto  
model  LC-SS). The react ion mix tu re  was also t r e a t ed  
wi th  2,4-dini t rof luorobenzene,  and  tile resul t ing dini t ro-  
pheny l  (DNP)-amino  acids were sepa ra ted  by  celite 
co lumn c h r o m a t o g r a p h y  s, followed by  ident i f ica t ion  using 
a th in - l ayer  eh romatop la t e .  The major  amino  acid pro-  
ducts  were ident i f ied by  compar ing  the  Rf  values w i th  
the  au then t i c  D N P - a m i n o  acids. 
2 typ ica l  char t s  of t he  amino acid anaIyses of the  reac t ion  
p roduc t s  are shown in the  figure. The main  amina t ion  
p roduc t s  of acrylic acid are alanine (Ala, 2.6%) and fl-Ala 
(1.8%). In  addi t ion  to  tha t ,  h y d r o x y  amino acids, serine 
(Ser) and iso-Ser, are also formed in 3.1 and 2.1% yields,  
respect ively.  As the  control  exper iments ,  aqueous  am- 
moniaca l  solut ion of acrylic acid was kep t  a t  10~ for 
1 h w i t h o u t  CGDE. The amino acid formed in the  reac t ion  
mix tu re  was only  /3-Ala (0.2%). The main  amino acids 
synthes ized  f rom maleic acid by  CGDE are aspar t ie  acid 
(4.4%), g lu tamic  acid (2.2%), e ry thro- /%hydroxy  aspar-  
tic acid (e-OH-Asp, 3.2%) and t h r eo -OH-Asp  (2.8%). 
The resul ts  of the  amino acid fo rmat ions  f rom the  un-  
sa tu ra t ed  carboxyl ic  acids by  CGDE are summar i zed  in 
the  table  (reactions No. 1-5), being compared  wi th  t h a t  
of amino  acid fo rma t ion  f rom the  cor responding  s a t u r a t e d  
a l iphat ic  carboxl ic  acids (reactions No. 6-9). In  the  contro l  
expe r imen t s  in react ions  No. 2-5, no amino  acids were  
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