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The effects of Mn ~+ and  Mg ~+ concen t ra t ion  on the  R N A  
polymerases  are shown in Figure 2. R N A  polymerase  I 
(eluted at  0.10 M (NH~)~SO~) had  m a x i m u m  ac t iv i ty  a t  
1 m M  Mn ~+ and at  4 m M  Mg ~+, while R N A  polymerase  I I  
(eluted at  0.25 M (NH~)~SO~) had  m a x i m u m  ac t iv i ty  a t  
2 m M  Mn ~+ and  10 m M  Mg ~+. The rat io of Mn 2+ ac t iv i ty  
to  Mg ~+ ac t iv i ty  was 1.21 for form I and 0.97 for form II .  

Figure 3 shows the  effect  of (NH~)~SO~ concen t ra t ion  
on enzyme ac t iv i ty  for bo th  po lymerases  I and II .  The 
o p t i m u m  for form I was 0.01-0.03 M and  for form I I  
0.08 M. 

The Table  shows t h a t  bo th  t~NA polymerase  act ivi t ies  
were dependen t  on the  add i t ion  of ATP,  CTP, GTP, and 
DNA. Polymerase  I was insensi t ive  to cycloheximide,  
~-amanit in ,  and r i fampicin,  while po lymerase  I I  is 
s ignif icant ly  inhib i ted  only by  e-amani t in .  
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Fig. 3. The effect of (NHa)2S0 a on RNA polymerase I and II activity. 
The concentration of (NHa)2SO 4 was varied in the standard reaction 
mixture. The concentration of MgC12 was 2.0 mM while that of 
MnCI 2 was 1.0 mM for polymerase I (�9169 and 2.0 mM for 
polymerase II (@-O-@). 

The da t a  p resen ted  here show t h a t  N. crassa has 3 R N A  
polymerases  which can be resolved by  D E A E - s e p h a d e x  
ch romatography .  The act ivi t ies  elut iag a t  0.10 M and 
0.25 M (NH~)~SO4 are R N A  polymerases  I and II,  
respect ively,  as is shown by  the i r  salt  r equ i rements  and 
sens i t iv i ty  to r i fampicin  and  a-amani t ina ,  5,9-n. The 
th i rd  form, elut ing f rom D E A E - s e p h a d e x  at  0.37 M 
(NH4)~SO4, was no t  s tudied,  bu t  m i g h t  be mi tochondr ia l  
R N A  polymerase .  

In  a recent  repor t  v, four D N A - d e p e n d e n t  R N A  poly-  
merases  were isolated f rom nuclei of the  N. crassa m u t a n t  
's l ime' .  Whi le  the  reasons for t he  differences be tween  
t h a t  repor t  and  th is  one are no t  p resen t ly  clear, t hey  m a y  
be 1. the  s t ra in  of N. crassa used, or 2. differences in the  
m e t h o d  of enzyme prepara t ion .  Our p re l iminary  results  
indicate  t h a t  pe rhaps  the  use of sonicat ion dur ing  
ex t rac t ion  of polymerases  f rom N.  crassa resul ts  in 
modif ica t ion  of na t ive  enzymes.  

Rdsumd. Des A R N  polym6rases,  d6pendan tes  de I 'ADN, 
on t  6t6 isol6es de Neurospora crassa. Deux pics majeurs  
d 'ac t iv i t6  enzymat ique  ont  6t6 s6par6s par  chromato-  
graphie sur D E A E - s e p h a d e x ,  et, sur la base  de leurs exi- 
gences salines et  leur sensibili t6 ~ l ' e -amani t ine ,  identifi6s 
comme A1RN polym6rases  I e t  II.  
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The Comparative Metabolism of 3-Bromo-propane- l ,2-diol  and 3-Bromopropanol in the Rat 

The invo lvement  of epoxides as in te rmedia tes  in t he  
metabol ic  convers ion of olefins to vicinal  diols 1, = and pre- 
mercaptur ic  acids a, ~ is well documen ted  as epoxide forma- 
t ion  in vivo is typi f ied  by  the  p roduc t ion  of h y d r o x y l a t e d  
m e t a b o l i t e s .  If  t he  original molecule is a l ready in the  
hyd roxy la t ed  form, t he  metabol i tes  are no t  ind ica t ive  of 
epoxide format ion.  In  these  cases evidence m a y  be 
der ived f rom an examina t ion  of the  compara t ive  meta-  
bol ism oI t he  h y d r o x y l a t e d  and un -hydroxy la t ed  com- 
pound.  

F r o m  i.p. admin i s t r a t ion  of 3 -b romopropane- l ,2 -d io l  
(I) to  ra t s  (50 mg/kg),  the  ur inary  metabo l i t es  were 
ident i f ied as S-(2, 3 -d ihydroxypropyl )cys te ine  (V) and the  
corresponding mercap tur ic  acid, N-a cetyl- S- (2, 3-dihydro- 
xypropyl )cys te ine  (VI). As no unchanged  compoun d  was 
excre ted  ~, the  re la t ive efficiency of the  de toxi f ica t ion  
process (the metabol i tes  represen ted  over  25% of the  
adminis te red  compound  6) raised the  poss ibi l i ty  of a more  
act ive a lkyla t ing in te rmedia te  since m o s t  alkyl hal ides 
produce  minor  amoun t s  of cys te ineconjuga ted  metabo l i t es  
as well as being excre ted  unchanged  4. In  assessing the  
a lkyla t ing  abi l i ty  of (I) ~owards g luta th ione,  i t  was  found 
t h a t  no reac t ion  occurs in t he  range p H  7-8.5 t houg h  a t  
p H  9 a lkyla t ion produces  the  conjugate  S- (2, 3-dihydroxy-  

propyl )g lu ta th ione .  However  a t  th is  pH,  (I) is quan t i t a t i -  
vely conver ted  to 2, 3 -epoxypropane- l -o l  (glycidol, III)v.  
As glycidol i tself conjugates  w i th  g lu ta th ione  at  p H  7-  
8.5, i t  represents  in v i t ro  a lkyla t ing  species and as i t  
gives rise to the  same metabol i t es  as (I) in the  ra t  s, it  can 
be inferred t h a t  it  is the  in vivo in te rmedia te .  
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T h e  e l i m i n a t i o n  of  b r o m i d e  b y  t i le  r a t  fo l lowing  
a d m i n i s t r a t i o n  of  (I) is g i v e n  in  F i g u r e  2. T h e  e x c r e t i o n  
r a t e  a p p r o x i m a t e s  t o  t h a t  o f  an  e q u i v a l e n t  dose  of  K B r  
i n d i c a t i n g  r a p i d  d e b r o m i n a t i o n  in  v ivo .  F r o m  t h e  r e l a t e d  
c o m p o u n d ,  3 - b r o m o p r o p a n o l  {II), w h i c h  c a n n o t  u n d e r g o  
d i r e c t  e p o x i d a t i o n  a n d  is n o t  e x c r e t e d  u n c h a n g e d ,  b r o m i n e  
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Fig. 1. Metabolic pathways of 3-bromopropane-l,2-diol (I) and 3- 
bromopropanol (II) in the rat. The cysteine conjugates were isolated 
from urine as previously described I7 and their chromatographic 
mobilities compared with those of authentic compounds for which 
satisfactory analyses were obtained. On Merck pre-eoated silica gel G 
plates (0.25 ram) in butanol: glacial acetic acid: water (4:2:1), the 
Rf values were 0.18 and 0.63 for (V) and (VI), respectively. The 
metabolites were interconverted either by acetylation (acetic an- 
hydride) or hydrolysis (5 N HCt at 95 ~ for 1 h, or acylase at pH 7.4 
and 37 ~ for 16 h). Treatment of (VI) and acetylated (V) with diazo- 
methane gave N-acetyl-S-(2,3-dihydroxypropyl)cysteine methyl 
ester which had identical GLC retention times to authentic material 
(retention times 3.81 m on 15% Apiezon L on chromosorb P at 
180~ 3-bromopropionic acid (IV) was isolated from the ether extract 
of acidified urine, purified by preparative TLC (Rf 0.42 in ethanol: 
880 ammonia (100:1) on l m m  precoated silica gel G plates) and 
identified by reference to authentic material by mass spectroscopy 18 
and GLC of the methylesters (retention times 2.80 m on 3% 0V-225 
on chromosorb W at 190~ 

e l i m i n a t i o n  is m o r e  r a p i d  s u g g e s t i n g  t h e  e x c r e t i o n  of  a 
b r o m i n e - c o n t a i n i n g  m e t a b ~ l i t e  9 C o n s e q u e n t l y  t h e  m e t a -  
b o l i s m  of  (II) was  i n v e s t i g a t e d  a n d  t h e  m a j o r  m e t a b o l i t e  
i n d e n t i f i e d  as  t h e  o x i d a t i o n  p r o d u c t  3 - b r o m o p r o p i o n i c  
ac id  (IV), G L C  s h o w i n g  t h e  p r e s e n c e  of  t r a c e  a m o u n t s  
(less t h a n  2 % )  of  t h e  m e r c a p t u r i c  acid ,  N - a c e t y l - S - ( 3 -  
h y d r o x y p r o p y l ) c y s t e i n e .  

T h e  d i f f e r e n t  m e t a b o l i c  p a t h w a y s  of  t h e  2 c o m p o u n d s  
(F igure  1) can  be  e x p l a i n e d  b y  p a r t i c i p a t i o n  of  t h e  
e p o x i d e  ( I I I )  as t h e  r e a c t i v e  i n t e r m e d i a t e  in  t h e  de tox i f i -  
c a t i o n  of  3 - b r o m o p r o p a n e  1 ,2-d io l  (I). W h e t h e r  t h e  
c o n v e r s i o n  of  (I) t o  ( I I I )  is e n z y m e  c a t a l y z e d  is n o t  
k n o w n  b u t  a n  e n z y m e  ( h a l o h y d r i n  e p o x i d a s e )  h a s  b e e n  
i so l a t ed  f r o m  a Flavobaclerium Sp. w h i c h  c o n v e r t s  a 
n u m b e r  of  c~-bromohydr ins ,  i n c l u d i n g  I, to  g lyce ro l  v i a  
g lyc ido l  n .  I n  m a m m a l i a n  s y s t e m s  h o w e v e r ,  g lyc ido l  
w o u l d  u n d e r g o  r a p i d  c o n j u g a t i o n  w i t h  g l u t a t h i o n e  e i t he r  
d i r e c t l y  or  b y  a g l u ~ a t h i o n e - S - e p o x i d e  t r a n s f e r a s e  
m e d i a t e d  r e a c t i o n  ~ as  wel l  as  b e i n g  h y d r o l y z e d  t o  
g lycerol .  T h e  c o n v e r s i o n  of  3 - b r o m o p r o p a n o l  t o  3 -b romo-  
p r o p i o n i c  ac id  (and  f u r t h e r  o x i d a t i o n  p r o d u c t s  in  s o m e  
micro_organismsl~,14)  p r o b a b l y  r e p r e s e n t s  t h e  m a j o r  
m e t a b o l i c  p a t h w a y  of a l k y l  ha l i de s  in  genera l ,  s ince  t h e  
m a j o r i t y  of  t h o s e  t h a t  h a v e  b e e n  i n v e s t i g a t e d  are  
e x t e n s i v e l y  ox i d i s ed  a n d  p r o d u c e  m e r c a p t u r i c  ac ids  o n l y  
in  low y ie lds  4 

T h e  b i o - t r a n s f o r m a t i o n  of  o t h e r  ~ - b r o m o h y d r i n s  t o  
e p o x i d e s  h a s  b e e n  s u g g e s t e d ~ , ~ s  a n d  t h e  scope  of  t h i s  
c o n v e r s i o n  w i t h  a n u m b e r  of a - h a l o h y d r i n s  is b e i n g  
f u r t h e r  i n v e s t i g a t e d .  

Zusamme~/assu~g. N a c h w e i s ,  da s s  das  3 - B r o m o p r o p a n -  
1, 2-d io l  (I) v o n  iRa t ten  schne l l  zu d e n  C y s t e i n k o n j u g a t e n  
(V) n n d  (VI) m e t a b o l i s i e r t  wi rd ,  w&hrend  d a s  3 - B r o m o -  
p r o p a n o l  (II)  haupts&chlicl~ zu 3 -Bromoprop ions /~u re  (IV) 
o x y d i e r t .  D a s  be t r~ ich t l i che  A u s m a s s  d e r  K o n j u g a t i o n  
y o n  (I) i s t  e in  H i n w e i s  auf  d i e  B e t e i l i g u n g  des  E p o x i d s  
( I I I )  als r e a k t i v e s  Z w i s c h e n p r o d u k t  in  v ivo .  
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Fig. 2. Excretion of total bromine in the urine of rats receiving 
3-bromopropan-1,2-diol (G --- &) ; 3-bromopropanol ( �9 - -  �9 ) ; and 
KBr (O--�9 Compounds were administered as aqueous solutions 
by i.p. injection at a dose level of 100 mg/kg. Bromine assays were 
determined in triplicate by the method of HU~TER~% 

Renal excretion of bromide is slow due to equilibration with 
chloride and selective resorption 10. High values in the bromine 
assay indicate excretion of organically bound bromine. 

10 S. K. SHARPLESS, in The PhavmacoIogiccd Basis o] Therapeutics, 
3rd edn. (Eds. L. S. GOODMAN and A. GILMAN; MacMillan, 
New York 1965), p. 129. 
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