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t ion,  one group  of mice were in jec ted  i.p. w i t h  2.5 aCt 
(admin i s te red  in 3 equa l  doses in  the  f i rs t  3 days)  a n d  
t he  o t h e r  w i t h  10 aCt ( admin i s t e red  in 5 equa l  doses in  t he  
f i rs t  5 days)  of label led  c o m p o u n d  in 0.1 ml  of an  i so tonic  
sal ine so lu t ion  for each an imal .  13 days  a f t e r  t h e  f i rs t  
in ject ion,  t he  2 g roups  of mice  were sacrificed, t he  
m e l a n o m a s  r e m o v e d  a n d  t h e  m e l a n i n  was i so la ted  accord-  
ing ~co NICOLAUS et  al. s. As a con t ro l  t h e  m e l a n i n  f rom 
m e l a n o m a  of u n t r e a t e d  an i m a l s  was  also isolated.  

The  r a d i o a c t i v i t y  was m e a s u r e d  in a l iquid  sc in t i l l a t ion  
s p e c t r o m e t e r  B e c k m a n  LS-150, s u s p e n d i n g  2 m g  samples  
of m e l a n i n  in 6 ml  of I n s t a -Ge l  emuls i f ie r  (Packa rd  
I n s t r u m e n t  Company ,  Inc.)  and  4 ml  of water .  Ef f ic iency  
was d e t e r m i n e d  by  us ing  n-hexadecane- l -14C as a n  
i n t e r n a l  s t a n d a r d .  The  Tab le  s u m m a r i z e s  our  results .  

I t  appea r s  t h a t  t r y p t o p h a n  is i nco r po r a t ed  in to  m e l a n i n  
of H a r d i n g - P a s s e y  mouse  m e l a n o m a ,  e i the r  b y  a d m i n i s t r a -  
t ion  of D , L - t r y p t o p h a n - b e n z e n e  ring-~4C, or D,L- t rypto-  
p h a n - m e t h y l e n e - ~ C .  I n  b o t h  cases t h e  i n c o r p o r a t e d  
r a d i o a c t i v i t y  pe r  m g  m e l a n i n  (see t he  las t  c o l u m n  of 
Table)  is r e l a t ed  to  t he  r a d i o a c t i v i t y  a d m i n i s t e r e d  a n d  
i t  is a l m o s t  equa l  a m o n g  t he  group of an i m a l s  t r e a t e d  
w i t h  t he  same  a m o u n t  of t h e  two  subs tances .  This  shows 
t h a t  t r y p t o p h a n  is i nco r po r a t ed  in to  m e l a n i n  no t  on ly  
w i t h  i t s  benzene  ring,  b u t  also w i t h  a l an ine  cha in  or a t  
leas t  w i t h  a p a r t  of it. 

T a k i n g  all t h i s  in to  cons idera t ion ,  t he re  seem to  be 
two p a t h w a y s  t h r o u g h  wh ich  t r y p t o p h a n  is i n v o l v e d  in 
t he  me lan in i c  syn thes i s :  t h e  ' v i a  t r y p t o p h a n  -+ kynu re -  
n ine  -+ 3 - h y d r o x y k y n u r e n i n e '  5-~ a n d  t he  ' v i a  5 -hydroxy-  
t r y p t o p h a n '  3,,. W e  found  (see Table)  t h a t  t he  a d m i n i s t r a -  
t ion  of 5 - h y d r o x y t r y p t o p h a n  a n d  5 - h y d r o x y t r y p t a m i n e  
gives an  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  in to  me l an in  
s ign i f i can t ly  lower t h a n  t r y p t o p h a n ,  w h e t h e r  in  t o t a l  
va lue  or expressed  as r a d i o a c t i v i t y  pe r  m g  melan in .  
Besides we did  no t  no te  a n y  r e l a t i onsh ip  be tween  t he  
a m o u n t  of r ad ioac t i ve  5 - h y d r o x y t r y p t o p h a n  de r i va t i ve s  

a d m i n i s t e r e d  a n d  t he  a m o u n t  of r a d i o a c t i v i t y  i nco rpo ra t ed  
in to  me lan in ,  as obse rved  w i t h  t r y p t o p h a n .  

These  resu l t s  seem to  show t h a t  t h e  t r y p t o p h a n  does 
no t  follow the  ' v i a  5 - h y d r o x y t r y p t o p h a n '  for  t h e  fo rma-  
t ion  of m e l a n i n  in H a r d i n g - P a s s e y  mouse  m e l a n o m a ,  
b u t  t h a t  i t  follows i ts  m e t a b o l i c  p a t h w a y  t h r o u g h  t h e  
kynu ren ine .  

W e  were also able  to  show (see Table)  t h a t  t h e  admin i -  
s t r a t i on  of D,L- tyros ine-2-~C to  H a r d i n g - P a s s e y  mela-  
n o m a  mice gives a n  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  in to  
m e l a n i n  (expressed as d p m / m g  p igmen t )  a lmos t  equa l  to  
t h a t  o b t a i n e d  w i t h  t r y p t o p h a n .  Therefore  f rom t h e  
b iogenet ic  compar i son  w i t h  tyros ine ,  t r y p t o p h a n  too  
m u s t  be cons idered  as a n  i m p o r t a n t  p recurso r  in  t he  bio- 
genesis  of melanins .  

Riassunto.  I1 t r i p t o f a n o  14C- u n i f o r m e m e n t e  m a r c a t o  
ne l l ' ane l lo  benzenico  e il t r i p t o f a n o  m a r c a t o  ~4C nel  
met i l ene  sono inco rpora t i  in  m o d o  s ign i f ica t ivo  he l l s  
m e l a n i n a  del m e l a n o m a  di H a r d i n g - P a s s e y  del topo.  
5-oss i t r ip tofano e 5 -os s i t r i p t amina  non  m o s t r a n o  invece  
u n a  s ign i f i ca t iva  incorporaz ione  nel la  s tessa me lan ina .  
L ' i nco rpo raz ione  o t t e n u t a  con il t r i p t o f a n o  m a r c a t o  s is  
nel nucleo  che nel  me t i l ene  6 a l l ' inc i rca  ugua le  a quel la  
o t t e n u t a  pe r  s o m m i n i s t r a z i o n e  di  t i ros ina-2-C 14, pe r  cut 
anche  il t r i p t o f a n o  deve  essere cons ide ra to  u n  precursore  
delle melan ine .  
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Effect of  M e t h y l e n e  Blue  on  P~0 and 2 , 3 D P G  of H u m a n  B l o o d  in v i tro  

The  redox  dye, m e t h y l e n e  blue, is used in the  t r e a t m e n t  
of m e t h e m o g l o b i n e m i a l  a n d  i t  has  been  proposed  for the  
t r e a t m e n t  of lac t ic  acidosis~. More recent ly ,  KOCKOLATY 
a n d  DAWSON 3,4 h a v e  sugges ted  t he  use of inos ine  and  
m e t h y l e n e  blue  (which exe r t  a coope ra t ive  effect  in  t he  
m a i n t e n a n c e  of 2, 3DPG) ix t he  p r e s e r v a t i o n  of h u m a n  
red  cells for t r an s fu s i on  purposes .  
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Fig. 1. Effect of different concentration of methylene blue on the 
oxygen affinity of human blood at various plasma pH. 

The  p re sen t  work  deals  w i t h  t he  add i t i on  of v a r y i n g  
c o n c e n t r a t i o n s  of m e t h y l e n e  blue  a t  d i f fe ren t  p H  to 
f resh h u m a n  blood a n d  i ts  effect  on  t he  e r y t h r o c y t e  con-  
t e n t  of 2, 3DPG,  H+, K+ a n d  Na  +. 

Mater ia l  and methods. H e p a r i n i z e d  venous  b lood was 
col lected in p l a s t i c  syr inges  f rom 3 n o r m a l  n o n - s m o k i n g  
sub jec t s  a n d  p laced  in an  ice b a t h .  The  Ps0 va lues  were 
d e t e r m i n e d  w i t h  a d i r ec t  m e t h o d :  i.e. equ i l i b r a t i ng  t h e  
b lood  samples  w i t h  a gas m i x t u r e  c o n t a i n i n g  a p a r t i a l  
pressure  of oxygen  a t  wh ich  h e m o g l o b i n  was 50% 
s a t u r a t e d .  Th i s  was o b t a i n e d  b y  us ing  a gas m i x i n g  
Cont ro l  Module  I .L. 208/1 composed  of a f lowmete r  
sys t em m i x i n g  t he  c o n t e n t  of 2 gas cy l indres  r e spec t ive ly  
c o n t a i n i n g  5.7% of CO 2 in No, and  5.7% of CO~ in air.  
The  ou t l e t  compos i t i on  of t he  gas m i x t u r e  was con t inu-  
ous ly  checked  b y  a n  Oxygen  Moni to r  I .L.  208/2. Then,  
the  gas f lowed in to  an  ' o p e n - t y p e '  e q u i l i b r a t i n g  vessel  

1 E. JAFFEandP. MELLER, ProgmssinHematology,(Eds.C.V. MooRE 
and E. B. BROWN; Grune and STRATTON, New York-London 
1964), p. 48. 

2 R.  E.  TRANQUADA, S. BERNSTEIN a n d  W.  GRANT, Arch .  in te rn .  
~ed. 774, 13 (1964). 
W. F. KOC~OLA~Y and R. /3. DAWSON, Vox sang. 22, 236 (1972). 
R. B. DAWSON and W. F. KOCHOLATY, Adv. exp. Med. Biol. 28, 
495 (1972). 
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(I.L. 237), and the  P~o values  were ob ta ined  according to 
t he  t echn ique  of BRENNA et al.8. 

Hemoglobin ,  HbO2, and HbCO were measured  in an 
I.L. Cooximeter  182. Whole  blood p H  and pCO2were 
measured  on a Gas-pH Analyzer  I .L.  113. E i t he r  0.2 M 
sodium b ica rbona te  or 0.2 M hydroclor ic  acid was used to  
ad jus t  t he  blood p H  to  t he  desired value.  Methylene  blue 
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Fig. 2. The relationship between methylene blue concentrations and 
2, 3DPG Ievels. 

H +, Na +, and K + concentrations in the plasma and in the red ceils 
in the absence and in the presence of methylene blue 

Control Methylene blue (5 • i0 -5 M) 

Hb g/100 ml 14.0 13.5 
HbCO % of Hb 1.9 1.9 
Ps0 26.1 28.4 
log Ps0 1.419 1.45r 
pH (plasma) 7.40 7.41 
pH (erythrocyte) 7.21 7.21 
K + (plasma) 4.77 4.57 
K + (erythrocyte) 102.3 96.5 
Na + (plasma) 140.5 140.5 
Na+ (erythroeyte) 21.5 23.2 

solutions (5 X 10 -s M, 1 • 10 -2 M, 5 x l O  -a M, 1 • 10 -8 M, 
5 • 10 -4 M) were added  to whole  blood in p ropor t ion  1:100. 
All the  measu remen t s  were made  25 min  af ter  the  
add i t ion  of me thy lene  blue. In t race l lu lar  p H  was measured  
as follows. Af ter  blood equi l ibra t ion a t  P5o, the  p lasma  
and  the  red  cells were separa ted  anaerobica l ly  in abou t  
30 sec in an  E p p e n d o r f  microcent r i fuge  (model 3200). 
Lysis  of the  red  ceils was ob ta ined  by  freezing and  
thawing.  The hemolyzed  solut ion was t h e n  re-equi l ibra ted  
wi th  the  same gas phase  as before, and  p H  was measured  
on the  hemolyzed  red cell content .  2, 3DPG was measured  
according to  the  m e t h o d  of ROSE and  LIEBOWITZ% The 
sod ium and po ta s s ium concen t ra t ions  were de t e rmined  
by  an E p p e n d o r f  f lame pho tomete r .  

Results. Figure  1 shows the  effect  of me thy lene  blue on 
log P~0 at  var ious  p lasma p H  values. W h e n  me thy l ene  
blue  was added  to f resh h u m a n  blood at  a concen t ra t ion  
of 5 • 10 -6 M, the  values  of Ps0 did no t  differ  f rom those  
of the  controls.  By  contras t ,  w i t h  a concen t ra t ion  of 
m e t h y l e n e  blue of 5 •  M,  the  Pso increased. This  
increase was cons t an t ly  p resen t  a t  d i f fe rent  p H  values. 
W i t h  a greater  concen t ra t ion  of me thy l ene  blue (5 • 10 -~ 
M), a minor  increase of Ps0 values was observed (data  no t  
r epor ted  in the  figure). 

A correla t ion graph  of me thy l ene  blue concen t ra t ions  
and  2, 3DPG levels is shown in Figure  2. The p lo t  in- 
d ica tes  a l inear re la t ion be tween the  me thy l ene  blue 
concen t ra t ions  (log scale) and  2 ,3DPG co n t en t  of red  
ceils, even at  h igh  concen t ra t ions  of me thy l ene  blue. 

The add i t ion  of me thy l ene  blue had  no effect  on the  
in t ra-  and extracel lular  concen t ra t ions  of H+, Na +, and 
K+, as ind ica ted  in the  expe r imen t  repor ted  in the  Table.  

Discussion. So far expe r imen t s  concerning the  effect  of 
me thy lene  blue on red cell me tabo l i sm  have  been done 
only wi th  incuba t ion  of long dura t ion  (5 h in t he  experi-  
m e n t s  of MILLS 7, and some weeks in those  of DAWSON 
and KOCItOLATy3'4), and always in presence of phospha te .  
In  the  p resen t  inves t iga t ion  the  incuba t ion  t imes  were 

50. BRENNA, M. LUZZANA, M. PACE, M. PERRELLA, P. ROSSI, L. 
ROSSI-BERNARDI and F. J. W. ROUGHTON, Adv. exp. Med. Biol. 
28, 19 (1972). 

6 Z. B. Rose and J. LIEBOWlTZ, Analyt. Biochem. 35, 177 (1970). 
G. C. MILLS, Texas Rep. Biol. Med. 27, 773 (1969). 
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l imi ted  to  25 ra in  a n d  no  o the r  subs t ances  were added  b u t  
m e t h y l e n e  blue. The  effect  of m e t h y l e n e  blue on ly  
appea red  w h e n  a c o n c e n t r a t i o n  of 5 • 10-~ M was reached.  
The  increase  of Pb0 va lues  seems to be  the  consequence  
of a r ap id  increase  of 2, 3 D P G  levels, because  the  red cell 
c o n c e n t r a t i o n  of H + a n d  ca t ions  was no t  af fected b y  
m e t h y l e n e  blue, as h a p p e n s  for o the r  drugs  (like proprano- 
lol s). 

To the  o b s e r v a t i o n  t h a t  t he re  is a n  o p t i m a l  concen t ra -  
t ion  of m e t h y l e n e  blue  for a f fec t ing  Pb0 va lues  (as 
i nd i ca t ed  b y  DAWSON and  KOCHOLATY s' 4 and  as a p p e a r e d  
in our  exper iments ) ,  t h i s  m u s t  be cons idered  an  error. 
I n  fact ,  w h e n  Pb0 is m e a s u r e d  b y  m e a n s  of spec t ropho to -  
met r ic  techniques ,  t he  m e t h y l e n e  blue  a t  h igh  concen t ra -  
t i on  (5 • 10 -4 M) in ter feres  w i t h  t he  a b s o r p t i o n  s p e c t r u m  
of H b O  2 and  H b C O  (Figure 3). 

Riassu~nto. L ' a g g i n n t a  a sangue  u m a n o  di b lu  di met i l ene  
r iduce  l ' a f f in i t~  d e l l ' H b  per  1'O 2. Tale  ef fe t to  s e m b r a  
la conseguenza  di  u n  i n c r e m e n t o  dei  l ivel l i  i n t r ae r i t ro -  
c i ta r i  di  2, 3DPG.  La  concen t r az ione  in t r a -  ed ex t ra -  
cel lulare di  H +  Na+ e K + non  6 i n f l u e n z a t a  dal  b lu  di 
met i lene.  

C. BERNASGONI, G. C. GERLI, R. STABILINI and  
A. AGOSTONI 

Is t i tu to  di Palologia Medica  dell' Universitd,  V ia  Pace 15, 
1 -20722  Mi lano  (Italy), 3 December 7973. 
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H20 ~ Oxid izes  an Aldolase  D ihy dr o x y a c e t one  Phosphate  Intermediate  to 
H y d r o x y m e t h y l g l y o x a l  Phosphate  

The aldol  c l eavage -condensa t i on  r eac t ion  ca ta lysed  b y  
f ruc tose  1, 6 - d i p h o s p h a t e  a ldolase  proceeds  v ia  a c a rban -  
ionic e n z y m e - b o u n d  i n t e r m e d i a t e  of d i h y d r o x y a c e t o n e  
p h o s p h a t e  ( - C H O H . C  = N H + R . C H ~ O P O ~ - ,  H~NR = 
ac t ive  s i te  lysyl  res idue  of aldolase)1. Recen t ly ,  we h a v e  
shown  t h a t  t h  is i n t e r m e d i a t e  is r ead i ly  oxid ized  to hy-  
d r o x y m e t h y l g l y o x a l  p h o s p h a t e  ( =  h y d r o x y p y r u v a l d e -  
h y d e  p h o s p h a t e ,  CHO.  CO" CH~OPO~-) b y  a n u m b e r  of ox- 
i d a n t s  such  as t e t r a n i t r o m e t h a n e 2  and  t he  ox ida t ion- re -  
duc t i on  i nd i ca to r s  h e x a c y a n o f e r r a t e  ( I I I ) ,  p o r p h y r i n d i n ,  
po rphy rex ide ,  2 , 6 - d i ch l o r opheno l - i ndopheno l  and  N- 
m e t h y l p h e n a z i n i u m  m e t h o s u l f a t e  3, 4. The  o x i d a t i o n  of t he  
i n t e r m e d i a t e  proceeds  w i t h  a b o u t  equa l  fac i l i ty  us ing  
f ruc tose  1 ,6 -d iphospha te ,  f ruc tose  1-phospha te ,  or di-  
h y d r o x y a c e t o n e  p h o s p h a t e  as t he  s u b s t r a t e  ~. W h e r e a s  t he  
s u b s t r a t e  is c o n s u m e d  s to i ch iomet r i ca l ly  b y  t he  reac t ion ,  
t he  e n z y m e  serves  solely as a ca ta lys t .  O x i d a t i v e  a c t i v i t y  
in  t h e  p resence  of su i t ab l e  e lec t ron  accep tors  is e x h i b i t e d  
b o t h  b y  t h e  class I Schiff  base  f o r m i n g  a tdolases  ( r a b b i t  
muscle,  l iver  a n d  b ra in  5) and  t h e  class I I  me ta l loa ldo lase  
f rom yeast% Since t h e  r eac t ion  a p p a r e n t l y  is non-  
specific w i t h  respec t  to  t he  ox idan t ,  t he  poss ib i l i ty  was  
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Fig. 1. Aldolase-catalyzed oxidation of dihydroxyacetone phosphate 
by H2Oo. The reaction mixture contained 3.9 mM dihydroxyacetone 
phosphate, 40 mM HsO2, 5.6 U/ml aldolase in 0.05 M Iris  chloride 
(pH 7.5) at 25~ (O); the controls contained no aldolase (�9 or no 
H2Os (I),  respectively. 

sugges ted  t h a t  i t  m i g h t  also occur  in  v i v o  w i t h  a n  i n t r a  
cel lular  ox idanL  The  p r e sen t  c o m m u n i c a t i o n  r epo r t s  t he  
r eac t ion  of one of t h e  poss ible  cand ida tes ,  H20~, w i t h  t h e  
a ldolase  s u b s t r a t e  i n t e r m e d i a t e .  I n  ana logy  to  t h e  
reac t ions  of t he  oxid iz ing  agen t s  e x a m i n e d  prev ious ly ,  t he  
r eac t ion  p r o d u c t  was  iden t i f i ed  as h y d r o x y m e t h y l g l y o x a l  
p h o s p h a t e .  This  ke toa ldehyde ,  a p o t e n t i a l l y  biological ly  
ac t ive  c o m p o u n d ,  t h u s  r ep resen t s  one of t he  long- sough t  
n a t u r a l  s u b s t r a t e s  of t he  g lyoxa lase  sys tem.  

Experimental .  Fruc tose  1 , 6 - d i p h o s p h a t e  a ldolase  f rom 
r a b b i t  muscle  (specific a c t i v i t y  6 U/rag),  glycerol  phos-  
p h a t e  dehydrogenase ,  and  g lyoxalase  I (E.C.4.4.1.5) 
were o b t a i n e d  f rom Boehr inger .  The  d icyc lohexyl -  
a m m o n i u m  sal t  of t h e  d i m e t h y l  ke ta l  of d i h y d r o x y -  
ace tone  p h o s p h a t e  was chemica l ly  syn thes i zed  and  
c o n v e r t e d  in to  free d i h y d r o x y a c e t o n e  p h o s p h a t e  as 
r epo r t ed  b y  BALLOLI a n d  FlSCI~ER v. H~O~ (Perhydro l  | 
30%)  was f rom Merck.  

D i h y d r o x y a c e f o n e  p h o s p h a t e  was d e t e r m i n e d  w i t h  
gIycerol  p h o s p h a t e  d e h y d r o g e n a s e  and  N A D H  s h y d r o x y -  
m e t h y l g l y o x a l  p h o s p h a t e  w i t h  g lyoxa lase  I a n d  reduced  
g l u t a t h i o n e L  H 2 0  ~ (%40 = 0.036 m M - l c m - 1 )  ~0, a ldolase  
ac t iv i ty~ t  a n d  c o n c e n t r a t i o n  ~ were d e t e r m i n e d  spect ro-  
pho tome t r i c a l l y .  

Results.  A d d i t i o n  of H~O~ to a m i x t u r e  of d i h y d r o x y -  
ace tone  p h o s p h a t e  a n d  aldolase  in i t i a t e s  a s u b s t r a t e -  
c o n s u m i n g  r eac t ion  (Figure 1). B o t h  H 2 0  ~ a n d  aldolase are  
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