
268 Specialia EXPERIEXrlA 29/3 

Die Rolle, die die Pur in -P iRT in den  E r y t h r o z y t e n  
spielt ,  e r sche in t  n i c h t  e indeu t ig  gekl/irt ,  ebenso  die F rage  
n a c h  d e m  U r s p r u n g  u n d  der  F o r m  des T r a n s p o r t e s  der  
P u r i n b a s e n  im Organismus ,  im Speziel len in die E r y t h r o -  
zyten .  D u r c h  das  F e h l e n  der  P u r i n - d e - n o v o - S y n t h e s e  
f~Lllt eine F u n k t i o n  des p r e fo rmed  p a t h w a y  E n z y m s y s t e m s  
weg, n~ml ich  die R e g u l a t i o n  der  d e - n o v o - S y n t h e s e  d u t c h  
R i i c k k o p p l u n g s m e c h a n i s m e n .  ]?;in Tell  der  P u r i n e  wi rd  
m i t  der  N a h r u n g  zugef i ihr t  oder  s t a m m t  aus  k a t a b o -  
l i schen VorgXngen.  Da  Nuk leo t ide  d u r c h  Z e l l m e m b r a n e n  
me i s t ens  n i c h t  pe rme ie ren  k6nnen ,  b l e ib t  n u r  die M6glich- 
ke i t  des T r a n s p o r t e s  in  der  F o r m  der  Nukleos ide  oder  
Basen  often. Wie  ~V~AGER II a n  R a t t e n e r y t h r o z y t e n  fest-  
stell te,  ge langen  eher  die P u r i n b a s e n  in die E r y t h r o z y t e n  
als die Nukleoside .  Ob diese T a t s a c h e  s u c h  ftir ande re  
Organ i smen ,  wie H i i h n e r e r y t h r o z y t e n  zutr i f f t ,  i s t  n i c h t  
b e k a n n t .  

I n  den  l e t z t en  J a h r e n  gew i nn t  die Me t hode  der  Zell- 
fus ion ie rung  i m m e r  m e h r  an  Bedeu tung .  Mit  Hilfe e iniger  
i n a k t i v i e r t e r  Vi ren  (z.B. Sendai -  oder  SV-40-Viren) 
k 6 n n e n  Zellen ve r sch i edenen  U r s p r u n g s  m i t e i n a n d e r  
fus ionier t  we rden  1~-14. Dabe i  wurde  gezeigt, dass  H i ihne r -  
e r y t h r o z y t e n ,  die m i t  Maus-,  I I eLa-Ze l l en  oder  F ibro-  
b las tenze l l en  fus ionier t  werden,  wieder  zur  DNS-  u n d  

IRN S-Syn these  bef~hig t  werden.  Ob d abet  gleichzeit ig eine 
S t i m u l a t i o n  der  P u r i n - P R T n -  u n d  eine Pu r in -de -novo -  
Syn these  e in t r i t t ,  soll in  wei te ren  Ve r suchen  u n t e r s u c h t  
werden.  

Summary. H e n  e r y t h r o c y t e s  were i n v e s t i g a t e d  w i t h  
respec t  to  t h e i r  P u r i n p h o s p h o r i b o s y l - p y r o p h o s p h a t e -  
t r ans fe ra se  act ivi t ies .  These  e n z y m e  sys t ems  connec ted  
w i t h i n  t h e  sa lvage  p a t h w a y  of pur ines  h a v e  a low ac t i v i t y  
in  c o n t r a s t  to  h u m a n  e r y t h r o c y t e s  or leucocytes .  This  is 
poss ib ly  due to  x a n t h i n e o x y d a s e ,  wh ich  is p r e sen t  in  h e n  
e ry th rocy te s .  
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Contamination of Commercially Available Intermediates of the Glycolytic Pathway 

The  commerc ia l  ava i l ab i l i t y  of s u b s t r a t e s  ha s  p laced  
t he  pe r fo rmance  of s tudies  of e n z y m e  reac t ions  in  t he  grasp  
of m a n y  labora to r ies  all  over  t he  world.  A l t h o u g h  com- 
merc ia l  s u b s t r a t e s  are  o f ten  ava i l ab le  in  a h i g h  s t a t e  of 
pur i ty ,  c o n t a m i n a t i o n  w i t h  c o m p o u n d s  of s imi la r  s t ruc-  
t u r e  is o f ten  found.  The  e x t e n t  of these  impur i t i e s  usua l ly  
is v e r y  small ,  b u t  can  be  of g rea t  p rac t i ca l  i m p o r t a n c e  
u n d e r  some c i rcumstances .  There fore  we h a v e  assayed  
glycolyt ic  s u b s t r a t e s  suppl ied  commerc ia l ly  b y  two dif- 
f e ren t  f irms,  app ly ing  e n z y m a t i c  m e t h o d s  wh ich  p e r m i t t e d  
de t ec t ion  of c o n t a m i n a n t s  even  in q u a n t i t i e s  as smal l  as 
0.005%. 

S u b s t r a t e s  of S igma  Chemical  Company ,  St. Louis,  
Mo., a n d  B o e h r i n g e r  M a n n h e i m  Corp., N ew  York,  were 
inves t iga ted .  Based  on  w a t e r  con ten t ,  pu r i ty ,  a n d  cor- 
r ec ted  molecu la r  weight ,  as far  as these  d a t a  were g iven  
b y  t he  companies ,  a 200 m M  solu t ion  was  p r e p a r e d  and  
careful ly  neu t r a l i zed  w i t h  HC1 or KOH,  if necessary.  

Table II. 3-PGA contamination in different 2,3-DPG preparations 
provided by Boehringer Mannheim Corporation (B) and Sigma 
Chemical Company (S) 

Fo r  t e s t i ng  for c o n t a m i n a n t s ,  0.400 ml  of t he  200 m M  
solu t ion  was added  to  t h e  t e s t  s y s t e m  w i t h  a fins1 v o l u m e  
of 1.0 ml. To measu re  t he  ac tua l  c o n c e n t r a t i o n  of each  
r eagen t  (for i n s t ance  G 6 P  1 in t he  G 6 P  p repa ra t i on )  
0.400 ml  of a 0.1 m M  so lu t ion  was added  to a sys t em 
wh ich  also h a d  a f inal  v o l u m e  of 1.0 ml.  

The  inves t iga t ions  were usua l ly  pe r fo rmed  w i t h i n  one 
week  a f te r  rece iv ing  t he  sample .  D u r i n g  t h i s  t i m e  t he  sub-  
s t r a t e s  were k e p t  dess ica ted  a t  -20~ I n  each  assay  a 
clear  e n d - p o i n t  was  ob ta ined .  W h e n  a c o n t a m i n a n t  was  
de tec ted ,  v a r y i n g  a m o u n t s  of s u b s t r a t e  were added  to  
assure  t h a t  l i n e a r i t y  be tween  a m o u n t  added  and  q u a n -  
t i t y  of c o n t a m i n a n t  was presen t .  

G6P  a n d  F 6 P  were m e a s u r e d  in a s y s t e m  t h a t  c o n t a i n e d  
400 m M  Tris-HC1 buffer ,  p H  8.0, a n d  2 m M  N A D P .  G 6 P D  
a n d  G P I  were added  a n d  t h e  r e d u c t i o n  of N A D P  was  
m e a s u r e d  a t  340 rim. Glucose was e s t i m a t e d  in a s imi la r  
s y s t e m  t h a t  c o n t a i n e d  a d d i t i o n a l  A T P  (10 m M )  and  
lVlgC12 (100 m M ) .  The  reac t ion  was s t a r t e d  w i t h  H K .  

Fo r  t he  assay  of F D P ,  D H A P  a n d  GAP,  t he  G A P D H  
sys tem,  c o n t a i n i n g  30 m M  a r sena t e  2, Tris-HC1 buffer  
(175 raM,  p H  8.0), N A D  (2 r a M ) ,  ~ - m e r c a p t o e t h a n o l  

Lot Actual 2, 3-DPG 3-PGA contamination 
concentration (molar %) 
(molar %) 

B 6419115 89.2 0.029 
B 7200215 89.2 0.031 
B 7332316 93.2 4.550 
B 7470416 87.0 3.690 
B 7412117 96.4 0.072 

S 81C-3290 91.8 3.610 
S 52C-5081-9 125.4 0.090 

The iot numbers, the actual 2, 3-DPG concentration in molar percent 
of the values by weight and the 3-PGA contamination in molar 
percent of the actual 2,3-DPG concentration are given. 

1 The following abbreviations are used: ADP, adenosine 5'-diphos- 
phate; ATP, adenosine 5"-triphosphate; DHAP, dihydroxy-acetone 
phosphate; 2,3-DPG, 2,3-diphosphoglyceric acid; FDP, frue- 
tose-l,6-diphosphate; F6P, fructose-6-phosphate; GAP, glyceraI- 
dehyde-3-phosphate; GAPDH, glyceraldehyde-3-phosphate de- 
hydrogenase; G6P, glucose-6-phosphate; G6PD, glucose-6-phos- 
phate dehydrogenase; GPI, glucose-6-phosphate isomerase; HK, 
hexokinase; LDH, lactic dehydrogenase; MPGN, monophospho- 
glyeerate mutase; NAD, nicotinamide-adenine dinucleotide; 
NADH, nieotinamide-adenine dinueleotide, reduced form; NADP, 
nieotinamide-adenine dinucleotide phosphate; PCA, pentacyelo- 
hexylammonium; PEP, phosphoenolpyruvate; 2-PGA, 2-phospho- 
glyeeric acid; 3-PGA, 3-phosphoglyeerie acid; PGK, 3-phospho- 
glyeeric phosphokinase; PK, pyruvate kinase; TCA, tricyclohexyl- 
ammonium; TPI, triosephosphate isomerase; Tris, tris (hydroxy- 
methyl) aminomethane; not measured. 

20.  WAI~BURO and W. CHriSTIAn, Bioehem. Z. 303, 40 (1939). 
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(7 mM), was employed.  G A D P H ,  T P I  a n d  aldolase were 
a d d e d  subsequen t ly .  

The  as say  m e d i u m  for 3 -PGA c o n t a i n e d  Tris-HC1 
buf fe r  {100 raM, p H  8.0), N A D H  (0.4 m M ) ,  MgCt~ 
(10 raM), neu t ra l i zed  h y d r a z i n e  su l fa te  (20 mM), A T P  
(1 raM),  and  /5 -mercap toe thanol  (7 m M ) .  Af te r  a d d i n g  
G A P D H  the  r eac t ion  was s t a r t e d  w i t h  P G K .  

For  the  d e t e r m i n a t i o n  of c o n t a m i n a t i n g  2 ,3 -DPG the  
m e t h o d  descr ibed  b y  BEUTLER 3 was used. T he  2 ,3 -DPG 
c o n c e n t r a t i o n  in t he  2, 3 -DPG so lu t ion  was e s t i m a t e d  in a 
modi f ied  G A P D H  sys tem,  based  on  t he  m e t h o d  of I~l~ITr 4. 
The  assay  m e d i u m  c o n t a i n e d  K - p h o s p h a t e  buffer  (pH 
7.0, 5 raM),  Tris-HC1 buffer  (pH 7.4, 10 mM), r educed  
g l u t a t h i o n e  (2 raM),  neu t r a l i zed  h y d r a z i n e  su l fa te  (10 
raM), N A D H  (0.1 mM), A T P  (2.0 mM), G A D P H  
(3.5 U), and  P G I (  (1.5 U). T he  reac t ion  was s t a r t e d  w i t h  
30 U M P G M  2, a n d  0.5 m M  phosphoglycol la te .  

The  as say  m e d i u m  for P E P ,  2 -PGA a n d  p y r u v a t e  
c o n t a i n e d  50 m M  N - p h o s p h a t e  buffer ,  p t t  7.0, 10 m M  
MgC12, 2 m M  A D P  and  0.4 m M  N A D H .  L D H ,  P K  a n d  
enolase were added  sequent ia l ly .  

The  resu l t s  of t he  assays  are shown  in Tab le  I. The  
m a n u f a c t u r e r s  (B = Boehr inger ,  S = Sigma),  t he  sa l t s  
a n d  lot  n u m b e r s  w h i c h  were inves t iga ted ,  a n d  t h e  con-  
t a m i n a t i n g  c o m p o u n d s  are l isted. T he  ac tua l  concen-  
t r a t i ons  of t he  i n v e s t i g a t e d  i n t e r m e d i a t e s  in  pe r cen t  of 
t he  va lues  b y  we igh t  are l i s ted  in bo ld  face of t he  Tab le  I. 
The  c o n t a m i n a t i n g  subs t ances  are  expressed  as mo la r  
pe r cen t  of t h e  c o n c e n t r a t i o n  of t he  s u b s t a n c e  assayed.  
The  c o n t a m i n a n t s  g iven  b y  t he  m a n u f a c t u r e r s  in  t he  
1971 ca ta logs  are also l isted. 

The  a c t u a l  c o n c e n t r a t i o n s  found  r a n g e d  f rom 71 to  
100%. No c o n t a m i n a n t s  could be  de tec ted  in the  pyr -  
u v a t e  a n d  P E P  p r e p a r a t i o n s  of b o t h  m anuf ac t u r e r s .  The  
h ighes t  i m p u r i t y  wh ich  could be  found  was 3.6% 3-PGA 
c o n t e n t  in  t he  2 ,3 -DPG p repa ra t i ons .  Moreover ,  2 ,3 -DPG 
c o n t a i n e d  t he  g rea t e s t  n m n b e r s  of impur i t i es .  The  3 -PGA 
c o n t a m i n a t i o n  of d i f fe ren t  2 ,3-DPG p r e p a r a t i o n s  are 
l i s ted  in Tab le  I I .  

Since 3-PGA c o n t a m i n a t i o n  in 2 ,3 -DPG was n o t  on ly  
the  g rea t e s t  degree of i m p u r i t y  we found  in our  inves t i -  
gat ions ,  b u t  moreover ,  as wil l  be  po i n t ed  out ,  seems to be  
of some p rac t i c a l  impor t ance ,  we s tud ied  t he  inf luence  
of s torage  on  t h e  3 -PGA c o n t e n t  in  2 ,3-DPG. D u r i n g  a 
s torage  pe r iod  of 4 m o n t h s  t he  va lues  f l u c t u a t e d  b e t w e e n  
3.69% and  4 .6% (13oehringer, lo t  7470416). No differences  
in t he  3 -PGA c o n t e n t  was found  in f rozen s tored  so lu t ions  
and  fresh p r e p a r e d  so lu t ions  of frozen,  dess ica ted  2,3- 
D P G  prepa ra t ions .  The  2 ,3 -DPG c o n c e n t r a t i o n s  also did  
n o t  change  s ign i f i can t ly  d u r i n g  s torage.  A p p a r e n t l y  
s torage,  a t  leas t  for some m on t hs ,  does no t  increase  t he  
3 -PGA c o n t a m i n a t i o n  of 2 ,3 -DPG p repa ra t ions .  

On t he  o the r  hand ,  as i t  is ev i den t  f rom t h e  resul t s  in  
Tab le  I I  t he  3 -PGA c o n t e n t  in  2 ,3 -DPG p r e p a r a t i o n s  
seems to  f l uc tua t e  r e m a r k a b l y  in d i f fe ren t  lots. There-  
fore, if a 2 ,3-DPG p r e p a r a t i o n  wh ich  is essen t ia l ly  free of 
3 -PGA c o n t a m i n a t i o n  is needed,  d i f fe ren t  lots  shou ld  be  
t e s t ed  for 3 -PGA con ten t .  A n o t h e r  poss ib i l i t y  is t he  pur i -  
f i ca t ion  of c o n t a m i n a t e d  2 ,3 -DPG p r e p a r a t i o n s  5, 

F u r t h e r m o r e  cons iderab le  c o n t a m i n a t i o n  was p r e sen t  
in t h e  F6P,  F D P ,  3-PGA, a n d  2 -PGA p repa ra t i ons .  

A l t h o u g h  the  commerc ia l ly  ava i l ab le  s u b s t r a t e s  of the  
glycolyt ic  p a t h w a y  are  ava i l ab le  in  t l igh qua l i ty ,  i t  is 
o f ten  u n a v o i d a b l e  t h a t  t he  c o m p o u n d s  con t a i n  impur i t i e s  
of s imi la r  s t r u c t u r e  or  d e g r a d a t i o n  produc ts .  Th i s  f ac t  is 
due  to  t h e  dif f icul t ies  in i so la t ing  t h e m  from biological  
ma te r i a l s  ~. For  ce r t a in  purposes  i t  is the re fo re  necessa ry  
no t  on ly  to measu re  t he  ac tua l  c o n c e n t r a t i o n  of a com- 
merc ia l  subs t ra te ,  b u t  also to  t e s t  for c o n t a m i n a n t s .  The  
e n z y m a t i c  me thods ,  app l ied  in our  inves t iga t ions  al lowed 

t he  de t ec t ion  of even  as smal l  a q u a n t i t y  of c o n t a m i n a n t s  
as 0.005%. Us ing  a full scale def lec t ion  of 0 . 4 0 D  un i t s  
t h i s  c o n c e n t r a t i o n  gave  a change  of 6 %  full  scale on  t h e  
recorder .  

A l t h o u g h  levels of c o n t a m i n a n t s  found  in our  inves t iga -  
t ions  were r e l a t ive ly  low u n d e r  some c i rcumstances ,  
r ecogn i t ion  of t he  presence  of impur i t i e s  can  be  v e r y  
i m p o r t a n t .  The  i n h i b i t i o n  of P F K  in h u m a n  e r y t h r o c y t e s  
b y  phys io logica l  c o n c e n t r a t i o n s  of 2 ,3-DPG, r ecen t ly  
r epo r t ed  f rom th i s  l a b o r a t o r y  7 was exp la ined  b y  STAAL 
and  KOSTER s b y  a sequence  of side reac t ions  b e g i n n i n g  
w i t h  2 ,3 -DPG p h o s p h a t a s e  a n d  inc lud ing  t he  reserve  
3 - P G K  a n d  G A P D H  reac t ion .  However ,  t h i s  r eac t i on  
was on ly  obse rved  w h e n  commerc i a l  2 ,3 -DPG p repa ra -  
t ions  c o n t a m i n a t e d  w i t h  3 -PGA were usedS. Therefore  i t  
seems t h a t  S taa l  a n d  Kos te r  h a v e  been  mis led  in t h e i r  
i n t e rp re t a t i ons ,  a t  leas t  par t i a l ly ,  b y  us ing  c o n t a m i n a t e d  
subs t ra t e .  A few years  ago e r roneous  r epor t s  of t he  pre-  
sence of a 'ga lac tose  dehyd rogenase '  a c t i v i t y  in m a m m a -  
l i an  tissuesg, 1~ and  of ' low Kin' hexok inase  ~I arose 
because  of c o n t a m i n a t i o n  of commerc i a l  r eagen t s  w i t h  
e thano l  12, 13. 

In  these  inves t iga t ions  we h a v e  d e m o n s t r a t e d  t h a t  
a l t h o u g h  t he  m o s t  g lycolyt ic  s u b s t r a t e s  are  a l r eady  com- 
merc ia l ly  ava i l ab le  in  h igh  qua l i ty ,  for some purposes  i t  
is i m p o r t a n t  to  t e s t  t h e  p r e p a r a t i o n s  for impur i t ies .  T h e  
m o s t  su i t ab le  p rocedures  are e n z y m a t i c  m e t h o d s  w h i c h  
p e r m i t  de t ec t ion  oi c o n c e n t r a t i o n s  of c o n t a m i n a n t s  as 
low as 0.005% 14. 

Zusammenfassung. Die Pr t i fung  von  kommerz ie l l  er- 
h / i l t l ichen  g lyko ly t i schen  S u b s t r a t e n  auf  V e r u n r e i n i g u n g  
m i t  a n d e r e n  V e r b i n d u n g e n  der  Glykolyse  e rg ib t  eine bis  
zu 4 .55% b e t r a g e n d e  K o n t a m i n a t i o n  y o n  2 ,3 -DPG m i t  
3-PGA. I n  den  u n t e r s u c h t e n  2 ,3 -DPG Chargen  f inder  
sich ausse rdem eine K o n t a m i n a t i o n  m i t  2 -PGA u n d  P E P .  
We i t e r e  b e m e r k e n s w e r t e  V e r u n r e i n i g u n g e n  k 6 n n e n  in 
F6P,  F D P ,  3 -PGA u n d  2 -PGA nachgewiesen  werden.  
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