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I s o l a t i o n  of 6 , 7 - D i m e t h y l - 8 - r i b i t y l  L u m a z i n e  
f r o m  a R i b o f l a v i n e l e s s  M u t a n t  of Aspergillus 

nidulans 
Since t he  p r o d u c t i o n  of r ibof lav ine  in m a m m a I s  is de- 

p e n d e n t  on  t he  i n t e s t i na l  microflora,  t he  b iosyn thes i s  of 
r ibo f l av ine  ha s  been  s tud ied  mos t ly  in  microorganisms .  
The  successful  i sola t ion of a pa i r  of p te r id ine  der iva t ives ,  
6, 7 -d ime thy l -8 - r ib i ty l  lumaz ine  a n d  6-methyl ,  7 -hydroxy-  
8-r ibi tyl  lumazine ,  in  t he  f lav inogenic  mic roorgan i sms  
Eremothecium ashbyiil, A. gossypii~, and  in  others ,  h a v e  
been  r epo r t ed  and  conf i rmed  b y  isotopic label l ing  s tudies .  
However ,  t he  exac t  m e c h a n i s m  of convers ion  of these  
c o m p o u n d s  to r ibof lav ine  r em a i ns  to  be  es tabl i shed.  
PLAUT 3 has  p o s t u l a t e d  t h a t  t he  a d d i t i o n a l  four  c a r b o n  
u n i t  needed  in t he  r ibof l av ine  molecule  comes f rom the  
a d d i t i o n a l  molecule  of 6 ,7 -d ime thy l -8 - r ib i ty l  lumazine .  
PANICKER and SHANMUGASUNDARAM 4 h a v e  shown,  us ing  
A spergillus ~r m u t a n t s  def ic ien t  in  r ibof lavine ,  t h a t  
th i s  l umaz ine  c o m p o u n d  f i rs t  decomposes  to  give 4- 
r i b i ty l - amino ,  5-amino  uraci l  and  is the  more  i m m e d i a t e  
precursor  of the  v i t a m i n ,  and  t h a t  the  two c o m p o u n d s  are 
in t e rconver t ib l e ,  be ing  in equ i l ib r ium w i t h  each  o the r  in 
t he  sys tem.  

The  p r e sen t  no te  deals w i t h  the  iden t i f i ca t ion  of the  
more  s tab le  6 ,7 -d ime thy l -8 - r ib i ty l  l umaz ine  in t he  cul- 
tu res  of a r ibo f l av ine - requ i r ing  m u t a n t  of Aspergillus 
nidulans. The  c o m p o u n d  6, 7 -d imethy l -8 - r ib i ty I  lumaz ine  
isola ted f rom the  cu l tu res  of E. ashbyii a n d  A. gossypii 
fluoresces green  u n d e r  UV- l igh t  and  i ts  chemica l  s t r u c t u r e  
ha s  been  t e n t a t i v e l y  es tab l i shed  b y  compar i son  w i t h  a 
pure  s y n t h e t i c  compound .  

One of t he  5 non-al le l ic  r ibof lavineless  m u t a n t s  of 
Aspergillus nidulans, des igna ted  as r ib%,  w i t h  green spore 
colour  was  grown in r ibof lav ine  s u p p l e m e n t e d  m i n i m a l  
m e d i u m  which  consis ted  of t he  fol lowing compos i t i on :  
N a N O  3 6.0 g, IKH2PO ~ 1.52 g, KC1 0.52 g, MgSO 4 7 H 2 0  
0.52 g, glucose 20.0 g, w i t h  t races  of i ron and  zinc and  
1.0 mg  riboflavine/1.  The  p H  was  ad ju s t ed  to 6.4. 2 1 of 
th i s  m e d i u m  were s ter i l ized a n d  inocu la ted  w i th  the  spoze 
suspens ion  of t he  m u t a n t  and  i n c u b a t e d  a t  37~ for t en  
days.  A t  t he  end  of t h e  i n c u b a t i o n  period,  the  cu l tu res  
were c o n c e n t r a t e d  b y  v a c u u m  dis t i l l a t ion  to a b o u t  5 ml  
a n d  c h r o m a t o g r a p h e d  on  acid a l u m i n a  c o n t a i n i n g  N- 
b u t a n o l  and  abso lu te  e t hano l  us ing  the  m e t h o d  of PLAUT 5. 
The  sample  was m a d e  up  in a so lven t  composed  of 1 ml 

water ,  9 ml  e t hano l  and  10 ml  N-bu tano l ,  t h e n  al lowed to 
pass  t h r o u g h  the  a d s o r b e n t  and  t he  co lumn was w a s h e d  
b y  an  add i t i ona l  10 ml  of the  solvent .  IRiboflavine was 
Muted f rom the  c o l u m n  w i t h  50 ml  of t he  so lven t  s y s t e m  
c o n t a i n i n g  80 ml of N - b u t a n o l  and  28 ml  each of e t h a n o l  
arid water ,  and  6, 7 -d imethy l -8 - r ib i ty l  lumaz ine  was Muted  
us ing  t he  so lven t  c o n t a i n i n g  80 ml  N-bu tano l ,  28 ml  
e thano l  and  56 ml  water .  The  co lumn  was t h e n  w a s h e d  
wi th  50 ml  of 50% (v/v) e thano l  and  50 ml of 0.03 2VI 
a m m o n i u m  h y d r o x i d e  to elute  6-methyl ,  7 -hydroxy-8-  
r ib i ty l  lumazine ,  The  e lua tes  were c o n c e n t r a t e d  to a b o u t  
1 ml  b y  p e r - e v a p o r a t i o n  a t  3 ~ to 5~ in a cold room.  T h e y  
were spo t t ed  on  W h a t m a n  No. 3 f i l ter  pape r  a long w i t h  
a u t h e n t i c  samples  a n d  c h r o m a t o g r a p h e d ,  us ing t he  sol- 
v e n t  b u t a n o l - e t h a n o l - w a t e r  (50 :15:35) ,  and  were ex- 
a m i n e d  u n d e r  UV-l ight .  The  Muted spot  co r respond ing  to 
the  g reen  f luorescing a u t h e n t i c  sample  of 6, 7-d imethyl -8-  
r ib i ty l  lumazine ,  h a v i n g  a n  Rf  va lue  of 0.26, was  found  
to h a v e  a n  iden t ica l  abso rp t ion  s p e c t r u m  in the  UV-reg ion  
in a U n i c a m  SP-700 spec t ropho tome te r .  Violet  spo t  for 
the  e lu ted  6-methyl ,  7 -hydroxy-8- r ib i ty l  lumaz ine  could 
no t  be  detec ted .  This  is the  f i rs t  obse rva t ion  where in  
6, 7 -d ime thy l -8 - r ib i ty l  lumaz ine  has  been  isola ted f rom a 
r ibo f l av ine - requ i r ing  m u t a n t  6. 

Zusammen/assung. Die Gegenwar t  yon  6, 7 -Dimethyl -8-  
r i b i t y l -Lumaz in ,  e inem Vorl/ iufer  des R ibof l av ins  in 
seiner  Biosynthese ,  is t  im K u l t u r f i l t r a t  e iner  r ibof lav in-  
losen M u t a n t e  yon  Aspergillus nidulans fes tgeste l l t  wor- 
den. 
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Cat ion  T r a n s p o r t  in N o r m a l  H u m a n  Red Ceils  
Trea ted  w i t h  Su l fhydry l  C o m p o u n d s  

Some of us h a v e  r ecen t ly  obse rved  1 t h a t  t r e a t m e n t  of 
n o r m a l  h u m a n  red cells w i th  A E T  (2-amino-e thyl iso-  
t h i o u r o n i u m  bromide)  or cysteine,  u n d e r  su i t ab le  exper i -  
m e n t a l  condi t ions ,  modif ies  t h e m  in such  a w ay  t h a t  t he i r  
b e h a v i o u r  ill some in v i t ro  hemolys i s  tes t s  becomes  s imi lar  
to  t h a t  of p a r o x y s m a l  n o c t u r n a l  hem og l ob i nu r i a  (PNH)  
e ry th rocy te s .  The  effect is supposed ly  due  to t he  - S H  
groups  t h a t  b o t h  subs tances  possess. So far, a few en- 
zyma t i c  p roper t i e s  of these  t r e a t e d  red cells h a v e  been  
i n v e s t i g a t e d  a n d  re la ted  to those  of P N H  ery throcy tes2 .  
Since in  v i t ro  s tud ies  w i th  K ~ h a v e  r ecen t ly  shown  8 t h a t  
P N H  red cells h a v e  n o r m a l  K + inf lux  and  eff lux rates ,  we 
h a v e  i nves t i ga t ed  w h e t h e r  t he  t r e a t m e n t  w i th  A E T  or 

cys te ine  modif ies  t he  ca t ion  t r a n s p o r t  of n o r m a l  h u m a n  
e ry th rocy te s .  The  blood of seven  h e a l t h y  adu l t s  was  
d r a w n  w i t h  heparii1; t he  red cells were s epa ra t ed  b y  cen- 
t r i f u g a t i o n  and  washed  thr ice  w i t h  saline. An a l iquo t  was 
t r e a t e d  w i t h  the  a b o v e - m e n t i o n e d  su l fhydry l  c o m p o u n d s  
as p rev ious ly  descr ibed 1. (The H a m ' s  t e s t  was pe r fo rmed  
on each  sample  to a sce r t a in  t h a t  the  P N H - l i k e  b e h a v i o u r  
h a d  been  achieved.)  A n o t h e r  a l iquo t  was s imi la r ly  

1 G. SIRCHIA, S. FERRONE, and F. MERCURIALI, Blood 25, 502 
(1965). 

2 G. S~RCmA, S. F~RRONE, R. MILANI, and  F. MERCURIALI, to be 
published.  

3 j .  V. AUDITORE, R. C. HARTMAN, and E. F. COLE, J.  d in .  Inves t .  
38, 702 (1959). 
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handIed,  bu t  no al ter ing subs tance  was added  ; it  was used 
as control .  All these  red cell a l iquots  were successively 
resuspended  in autologous p l a sma  and s tored at  4~ for 
5 days, as descr ibed elsewhere4. Each  sample  was t h e n  
d iv ided into 6 separa te  al iquots  of 5 ml:  3 of these were 
immed ia t e ly  cent r i fuged and the  remain ing  3 were incu- 
ba ted  at  37~ for 3 h in a Dubnof f  shaker  moving  a t  a 
ra te  of 50 osci l lat ions/min.  K+ concen t ra t ion  was meas-  
ured in the  p lasma  of all the  aliquots,  before and af ter  
incuba t ion  of the  blood, w i th  a Beckman  D U  f lame 
pho tome te r .  K+ up take  by  the  cells was calcula ted by  
difference,  according to  the  m e t h o d  of KAHN and ACHe- 
SONS, de te rmin ing  the  hema toc r i t  value before and af ter  
incubat ion.  

Resul ts  are summar ized  in the  Table. I t  is seen t h a t  
dur ing  the  incuba t ion  bo th  the  control  and t r ea t ed  red 
cells r emoved  measurable  quant i t ies  of K+ from the  
p lasma agains t  a concen t ra t ion  gradient :  hence by  an 
act ive mechanism.  This  p h e n o m e n o n  was demons t rab le  
in spi te  of the  c o n c o m i t a n t  increase of hemolys is  pro-  
duced - especially in t r ea t ed  cell samples  - by  warming  

K + uptake by untreated and AET- or cysteine-treated red cells 
incubated at 37~ 

Sample K + uptake (mEq/1 of cells ~ S.D. ~) 
No. 

Control AET b Cysteine b 

1 + 5.0 (•  0.0S) + 4.8 (~ 0.11) + 5.3 (-L 0.03) 
2 + 6.7 (~: 0.03) + 6.0 (-L 0.07) + 5.6 (~_ 0.12) 
3 + 3.3 ( i  0.08) + 5.2 (~ 0.07) + 4.3 ( i  0.23) 
4 + 5.2 ( i  0.10) q- 3.5 (dE 0.00) q- 3.0 (~- 0.00) 
5 + 5.4 ( i  0.12) + 2.5 (-c 0.05) + 3.8 (~ 0.00) 
6 + 3.4 (J- 0.00) + 4.4 (•  0.11) + 7.0 (=k 0.00) 
7 + 2.5 (:t_ 0.04) + 2.3 ( i  0.00) + 3.0 (~ 0.03) 

S . D . -  standard deviation of the mean of 3 determinations. 
b Red cells treated with the altering substance. 

and shaking,  which caused a passive shif t  of K+ from the  
lysed ceils to the  plasma.  

The analysis  of var iance  showed t h a t  the  differences of 
K+ up take  be tween  the  three  groups (control  and t r ea ted  
red cells) were no t  s ignif icant  (P  > 0.2). 

The results  of our expe r imen t s  show t h a t  the  enzymat i c  
abnormal i t ies  occurr ing in normal  e ry th rocy tes  t r ea ted  
wi th  A E T  or cyste ine do no t  impai r  the  cat ion t r a n s p o r t  
mechan i sm t h a t  acts  a t  the  cell surface. Appa ren t l y  the  
two a l ter ing subs tances  are no t  specific inhib i tors  of the  
m e m b r a n e  su l fhydryl  groups,  as are mercury,  n -e thy l -  
male imide  and p-mercur ibenzoa te ,  whose inh ib i to ry  effect  
on the  cat ion t r anspo r t  mechan i sm of the  red cell has  
been d e m o n s t r a t e d  6-s. 

Riassunto.  ~ s ta to  s tud ia to  il meccanismo di scambio 
cationico di m e m b r a n a  di emazie  umane  normal i  t r a t t a t e  
con compos t i  sulfidrilici (AET e cisteina). Si g osservato  
che, du ran te  l ' incubazione di 3 h a 37~ e f fe t tua ta  dopo 
5 giorni di soggiorno a 4~ le emazie  normal i  t r a t t a t e  con 
i sudde t t i  compost i  r imuovono  a t t i v a m e n t e  dal  p lasma 
normal i  quan t i t a t i v i  di K+. I r isul ta t i  vengono breve-  
men te  discussi. 
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A Preliminary Study of the Immunoelectro- 
phoretic Properties of Pregnant Mares Serum 
(PMS) Together with its Application to the Diag- 

nosis of Pregnancy in the Mare 

In  this  s t u d y  the  specif ici ty of the  react ions  be tween  
p r e g n a n t  mare  se rum (PMS) and a developed ant i sera  
have  been  examined  by  e lect rophoret ic  and immuno-  
e lec t rophore t ic  techniques .  The  knowledge gained has 
been appl ied to de te rmine  the  presence or o therwise  of a 
p regnancy  in a small  group of 8 mares.  

On clinical examina t i on  a skilled p rac t i t ioner  can 
usual ly diagnose p r egnancy  in the  mare  be tween  the  38th 
and 44th day  af ter  coitus. ELMENDORFF, LORAINE, and  
WALL~Y 1 and  A~TONIADES 2, b y  the  use of var ious  bio- 
logical p r egnancy  tes ts ,  were able to ver i fy the  presence  
of p r egnancy  at  app rox ima te ly  40 days,  while "VVID~ and  
WIDE a, who used a hemagg lu t ina t ion  inhibi t ion t echn ique  
(HAI),  were able to d e m o n s t r a t e  t h a t  the  diagnosis  of 
p r e g n a n c y  was possible using th is  technique.  They  did 
not,  however ,  t e s t  the  sera before the  44th day,  hence  

the i r  r epor t  is no t  helpful  in de te rmin ing  how early an 
immunologica l  t e s t  will de tec t  the  presence of chorionic 
gonado t roph in  in the  se rum of the  mare.  

Materials  and methods. Etec t rophore t ic  and  immuno-  
e lec t rophore t ic  s tudies :  Agar-gel  e lect rophoret ic  and im- 
munoe lec t rophore t i c  s tudies  were carried out  using the  
techniques  as descr ibed by  McCARTHY, PEXNINGTON, and  
CRA~vVFO RD 4. 

Hemagg lu t ina t ion  inhib i t ion  assay design:  These were 
ident ical  wi th  those descr ibed by  McCARTHY et al. 4 
using PMS for the  control  solutions.  

P repa ra t ion  of ant isera :  R a b b i t s  were immunized  wi th  
a solut ion conta in ing  PMS and  Benton i te  in a dose level 

1 H. V. ELMENDORFF, J. H. LORAINE, and J. K. WALLEY, 
J. Endocr. 25, 107 (1962). 

2 H. U. ANTONIADES, Hormones in Human Plasma (J. and A. 
Churchill, London 1960). 
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