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The Effect of Flavin Goenzymes on the Activity of Erythrocyte Enzymes 

The recent letter from GLATZLE et al. ~ regarding the 
effect of Ilavin-adenine-dinucleotide (FAD) on red cell 
glutathione reductase act ivi ty has lead us to re-examine 
the effect of both FAD and of flavin-adenine-mono- 
nucleotide (FMN) on the act ivi ty of many different 
enzymes in hemolysates prepared from normal subjects. 
We have found that  when added to normal hemolysates 
prior to NADPH or GSSG as little as 0.020 aM FAD 
strongly stimulates the activity of glutathione reductase. 
Activity of this enzyme was stimulated when either 
NADPH or NADH served as substrate. NADH-meth-  
emoglobin reductase is also strongly activated by FAD, 
activity as measured with the methemoglobin-ferro- 
cyanide complex ~ but only slightly when dichloroindo- 
phenol ~ is used as an acceptor. No stimulation of hexo- 
kinase, phosphoglucose isomerase, phosphofructokinase, 
aldolase, triosphosphatase isomerase, phosphoglycerate 
kinase, pyruvate  kinase, glucose-6-phosphate dehydro- 
genase, phosphogluconic dehydrogenase, phosphogluco- 
mutase, or NADPH-methem0globin reductase could be 
observed. 

The mechanisms by which FAD produced stimulation 
of glutathione reductase and of NADH-methemoglobin 
reductase appeared to be different. In the case of gluta- 
thione reductase, incubation of the enzyme with FAD 
produced essentially irreversible stimulation of enzyme 
activity:  dialysis or subsequent dilution of the enzyme- 
FAD mixture resulted in no loss of enzymalic activity. 
The administration of 5 mg riboflavin daily to normal 
subjects resulted in a marked increase of glutathione 
reductase act ivi ty within 2 days. In contrast, although 
even 0.001 aM FAD stimulated red cell NADH-meth-  
emoglobin reductase act ivi ty approximately 2-fold, it 
was necessary for FAD to be present at an adequate 
concentration in the assay system. If the mixture of 
hemolysate and FAD was diluted so that  the FAD con- 
centration dropped to an ineffective level, the stimulation 
which was readily observed when FAD was present in 

the assay system could no longer be detected. Tile addi- 
tion of FAD to a hemolysate from a patient who has 
severe congenital methemoglobinemia due to NADH- 
diaphorase deficiency produced slight stimulation of the 
residual enzyme activity, but  the degree of stimulation 
was no greater than that  observed with normal samples. 
Administration of riboflavin to normal subjects failed 
to affect the activity of the enzyme in vivo. 

I t  is of interest that  of all of the red cell enzymes 
studied only the two which are concerned with the oxida- 
tion of nieotinamide-adenine-dinucleotides require flavin 
compounds. This is consistent with the classical role of 
flavins in other tissues as coenzymes for the oxidation 
of reduced'pyridine nucleotides *. 

Zusammen/assung. Aktivit~tsmessung von 14 Erythro- 
zytenenzymen normaler Personen mit  und ohne Hinzu- 
fiigung der Flavinenzyme Flavinmononukleotid (FMN) 
and Flavinadenindinukleotid (FAD). Keines der unter- 
suchten Enzyme wurde durch FMN aktiviert,  w~ihrend 
jedoch FAD die Glutathione Reduktase und die NADH 
Methgmoglobin Reduktase stimulierte. 
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Difference in Iron Release by a-Ferrit in and/5-Ferrit in 

Ferritin, a well defined iron storage protein, is readily 
fractionated by electrophoresis into ~ ( ~ 80 %), fl ( ~ 15 %), 
y-, ~- and e-Isoferritins 1. ~- and fi-ferritin was isolated 
from commercial horse spleen ferfitin by polyacrylamide 
gel electrophoresis (5%, pH 6.6) by Muting ferritin from 
appropriate segments of the gel. In some experiments 
Ierritin was purified by ultracentrifugation (21/~h, 
50,000 rpm, Beckman Type 50 Ti rotor); the sticky 
precipitate only was then used. The optical density of 
ferritin in the range of 600-400 nm is almost entirely 
due to the (FeOOH) core as indicated by comparison 
of the spectra of ferritin and apoferritin. The iron to 
protein ra.tio of ~- and ~-ferritin was compared by 
measuring the. absorption at 420 nm and by protein 
determination according to LOWRY ~; no significant dif- 
ferences between c~- and fl-ferritin were found. 

c~- and fl-fractions were dialysed fQr 2 days against 
3 changes of 108 volumes of distilled water. The solutions 
were adjusted to give an optical density of L0 against 
water at  420 nm and a difference of less than 0.005. 
2 ml of a ~olution of a-ferritin were added to the 
sample cuvette of a Beckman-DB speetrophotometer and 
the same quant i ty  of a solution of #-ferritin to the refer- 
ence cuvette. To each cuvette 0.5 ml of acetate buffer 
(1 ml sodium acetate brought to pH 5.2 with 99% acetic 

acid) containing 6% sodium bisulfite was added; the 
recorder was started immediately. The wavelength re- 
mained constant. A typical curve is shown in the Figure. 
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(E~-Efl) means the difference in optical density of ~-ferrit in sample 
and f l- ferr i t in sample at 420 rim. A t  time t = 0 the sodium bisulfite 
was added to the samples .  
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W h e r e a s  t he  shape  of the  cu rves  was easi ly reproduceable ,  
t h e  abso lu t e  va lues  of AE d e p e n d e d  o n  t h e  q u a l i t y  of 
t he  sod ium bisulf i te .  The  e x p e r i m e n t  shows t h e  dece lera-  
t i on  of ~-fer r i t in  to  p roceed  more  r ap i d l y  t h a n  t h a t  of 
e-ferr i t in .  

Discussion. No dif ference in i ron release b e t w e e n  =- a n d  
~-ferr i t in  would  be  expec ted  if t h e  s o d i u m  bisul f i te  re- 
ac ted  d i rec t ly  w i t h  t h e  (FeOOH) core. I t  could  be  pos-  
t u l a t ed ,  therefore ,  t h a t  s o d i u m  bisu l f i te  r eac t s  a t  f i rs t  
w i t h  a p r i m a r y  e lec t ron  accepter ,  poss ib ly  a specific 
e lec t rophi l ic  g roup  in t h e  p r o t e i n  m o i e t y  of ferr i t in .  The  
overa l l  r eac t ion  of fe r r i t in  w i th  sod ium bisul f i te  could 
t h e n  be  w r i t t e n  as 

(Fe 3~l " ( IreS+ \ j 
core/ " protein bound) - . (free Fe 2+) 

! 
(2- 

L 
hypothetical ~ _ ____ sodium 
electron accepter - -  e - bisulfite 

the  ~-ferr i t in.  This  could be ru led  out,  however ,  b y  t he  
d e m o n s t r a t i o n  of ident ica l  i r o n / p r o t e i n  ra t ios  in  t he  two  
molecules.  

The  work  of Jo~-ES '~ suggests  t h a t  de l ive ry  of Fe  3+ b y  
the  (FeOOII)  micelle follows f i rs t  o rder  kinet ics .  H e n c e  
in a h y p o t h e s i s  w i t h o u t  p r i m a r y  e lec t ron  acc;eptor a lower 
iron c o n t e n t  of e - fe r r i t in  could no t  be  m a d e  respons ib le  
for t he  s lower i ron release.  

The  o b s e r v a t i o n  of d i f ference in  i ron  release b y  a.- a n d  
~-ferr i t in  fi ts KoPP'S 4 sugges t ion  t h a t  t he  t e n d e n c y  of 
/3-ferritin to  i nco rpo ra t e  i ron  m a y  be  more  p r o n o u n c e d  
t h a n  t h a t  of ~-ferri t in.  However ,  t he  biological  signifi- 
cance  of de layed  i ron  u p t a k e  a n d  release b y  ~-ferr i t in  is 
no t  unde r s tood .  

Zusammen/assung. Es  w u r d e  b e o b a c h t e t ,  dass  c~-Ferritin 
u n t e r  de r  E i n w i r k u n g  yon  N a t r i u m h y d r o s u l f i t  sein E i sen  
l a n g s a m e r  a b g i b t  als ~-Fer r i t in .  Diese B e o b a c h t u n g  l~sst  
v e r m u t e n ,  dass  alas dre iwer t ige  E i sen  zun~chs t  eine Bin-  
d u n g  m i t  d e m  Eiweiss  e ingeh t  u n d  ers t  d a n n  d u r c h  e inen  
p r i m ~ r e n  E l e k t r o n e n a k z e p t o r  r eduz i e r t  wird.  E i n  U n t e r -  
schied im p r i m ~ r e n  E l e k t r o n e n a k z e p t o r  zwischen e- u n d  
~-Fer r i t in  k S n n t e  die v e r s c h i e d e n  rasche  E i s e n a b g a b e  
erkl~Lren. 

~V. NIEDERER 

I t  is conce ivab le  t h a t  t h e  cu rve  in t h e  F igure  is due  to 
differences  in t h e  p o s t u l a t e d  p r i m a r y  e lec t ron  accepter .  

One  could a rgue  t h a t  more  i ron release s i tes  were 
ava i l ab l e  in  t h e  ~-f rae t i0n  due  to  a h igher  c o n c e n t r a t i o n  
of /Lferri t in.  This  would  indeed  be  t h e  case if t he  i ron 
c o n t e n t  per  molecule  were lower  in  t he /~ - f e r r i t i n  t h a n  in 
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Nucleic Acid, Amino Acid, and Carbohydrate Metabolism of Nurse Cell Nucleoli  in Muses domestica 

] ' h e  15 h igh ly  polyplo id is ized  nurse  cell nucle i  (NCN) 
in t he  p o l y t r o p h  mero i s t i c  egg follicles of ~l/Iusca domestics 
(Figure  la)  deve lop  a g rea t  n u m b e r  of nucleol i  in t h e  
course  of oogenesis.  P r o b a b l y  t h e  f o r m a t i o n  of these  
mu l t ip l e  nucleol i  follows on p r inc ip le  t h e  scheme d e -  
scr ibed for  t h e  nue leo la r  a p p a r a t u s  in Calliphora erythro- 
cephalaL T h e  v i t a l  a spec t  of t h e  NCN-nucleo l i  of Muses 
is d e m o n s t r a t e d  in F igu re  l b  b y  a N o m a r s k i  in t e r fe rence  
p h a s e  c o n t r a s t  m ic rog raph .  T he  NCN-nuc leo l i  a t t a i n  a 
m a x i m a l  size on  oogene t ic  s tage  3b% The i r  l ) N A - c o n t e n t  
is m u c h  lower  t h a n  t h a t  of t he  r e m a i n i n g  nuc lea r  space. 
So 3 H - t h y m i d i n e  i n c o r p o r a t i o n  d u r i n g  s -phase  of endo-  
m i to t i c  po lyp lo id i za t ion  e x h i b i t  a label l ing  p a t t e r n ,  in 
wh ich  nueleol i  s t a n d  o u t  b y  a v e r y  low gra in  dens i t y  3. 
T h u s  t h e y  are  p r o d u c i n g  holes in  t h e  o the rwise  h o m o -  
geneous  h i g h  label  a t t r i b u t e d  to  t he  c h r o m o s o m e s  
(Figure  lc).  

I n  t h i s  p a p e r  some d a t a  conce rn ing  t he  I INA-,  pro te in- ,  
a n d  c a r b o h y d r a t e  m e t a b o l i s m s  of t h e  t r o p h o c y t e  nucleol i  
will be  p resen ted .  

~aterials and methods. T h e  flies were r ea red  u n d e r  
s t a n d a r d  cond i t ions  4 a t  21 ~ Fem a l e s  a t  s tage  3 of oocyte  
d e v e l o p m e n t  ~ were  i n j ec t ed  w i t h  5 ~1 of a n  aqueous  
t r a c e r  so lu t ion  c o n t a i n i n g  5 ~C of 3H-ur id ine  (spec. act .  
5 C / m M ) ,  3H-I)-glucose (spec. act .  1 .22C/ raM) ,  or a 
m i x t u r e  of 3H-L-amino  acids (valine,  ty ros ine ,  leucine, 
lysine,  h i s t id ine  in  equa l  p a r t s  of 1 mC/ml ,  specific 
a c t i v i t y  b e t w e e n  500 a n d  1 0 0 0 m e / r a M ) .  Af te r  15 or 
30 rain of i n c u b a t i o n  t h e  ovar ies  were  dissected,  f ixed in  
modi f ied  Ca rnoy ' s  f luid or G e n d r e ' s  f luid s, e m b e d d e d  in  
pa rap l a s t ,  sec t ioned  10 v m  th ick ,  a n d  p r e p a r e d  for  au to-  
r a d i o g r a p h y  w i t h  I l ford  l iqu id  emuls ion  K.2 or K o d a k  
s t r i pp ing  f i lm A R 1 0 .  

Results. R N A  autoradiography. After  30 ra in  of 3tt-  
u r id ine  i n c o r p o r a t i o n  t h e  NCN-nuc leo l i  s t a n d  o u t  f rom 
t h e  r e m a i n i n g  nuc lea r  a rea  b y  a s t ronge r  labe l l ing  in t he  
a u t o r a d i o g r a p h s  (Figure  2a) 2, 6, 7. Af te r  p r e t r e a t m e n t  w i t h  
R N a s e  no  f u r t h e r  labe l l ing  of nucleol i  or o t h e r  cel lular  
c o m p o n e n t s  can  be  de tec ted .  B y  30 ra in  of 3II -ur id ine  
i n c u b a t i o n  a u t o r a d i o g r a p h y  d e m o n s t r a t e s  the  p recurso r  
to  i nco rpo ra t e  exclus ive ly  in to  m a c r o m o l e c u l a r  RNA.  

Protein autoradiography. Also b y  app l i c a t i on  of 311- 
a m i n o  acids (15-30 rain), t h e  mu l t ip l e  nucleol i  can  be  
iden t i f i ed  as s i tes  of t he  h ighes t  labe l l ing  in t he  mi rse  
cells (Figure 2b). Af te r  30 ra in  t h e  g ra in  dens i t y  of t h e  
nucleol i  areas  even  exceeds t h a t  of t h e  follicle ep i the l ium,  
wh ich  ha s  been  s h o w n  to be  t h e  cell t y p e  w i th  t he  h ighes t  
p ro t e in  t u r n o v e r  3. A p r e t r e a t m e n t  of t he  sect ions  w i t h  
R N a s e  (Figure  2c) or d ia s t a se  ha s  no  inf luence  on  t he  
p a t t e r n  a n d  i n t e n s i t y  of l abe l l ing  c o m p a r e d  w i t h  con-  
trols.  There fore  i t  m u s t  be  conc luded  t h a t  d u r i n g  30 rain  
of i n c u b a t i o n  a u t o r a d i o g r a p h y  c o m p r e h e n d s  use of a m i n o  
acids on ly  for  p r o t e i n  syn thes i s .  

all-glucose autoradiography. T h e  same  p a t t e r n ,  w i t h  
c o m p a r a b l y  h i g h  labe l l ing  i n t e n s i t y  of t he  nucleol i  as 
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