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respec t ive  chemical proper t i e s  of 2 - m e r c a p t o e t h a n o l  and  
acrolein,  we suggested  t h a t  acrole in  i n h i b i t e d  t he  D N A  
po lymerase  b y  oxid iz ing  t he  ac t ive  th io l  groups  of t he  
enzyme.  This  h y p o t h e s i s  was  cons i s t en t  w i t h  t he  fac t  t h a t  
E. coli D N A  po lymerase  I, devo id  of SH groups  in i ts  
ac t ive  centre ,  was  n o t  i n h i b i t e d  b u t  a c t i v a t e d  b y  acrolein.  
I n  a g r e e m e n t  w i t h  these  results ,  ou r  p re sen t  work  
d e m o n s t r a t e s  t h a t  (3H) acrolein  b inds  10 to  20 t i m e s  more  
to r egene ra t i ng  r a t  l iver  D N A  po lymerase  t h a n  to  E. coli 
enzyme.  The  an t agon i s t i c  ac t ion  of 2 - m e r c a p t o e t h a n o l  and  
(SH) acrole in  w i t h  respec t  to  t he  r egene r a t i ng  r a t  l iver  
D N A  po lymerase  and  E. coli enzyme  conf i rms  t h a t  t he  
u n s a t u r a t e d  a ldehyde  a t t a c h e s  to  t he  th io l  groups  of t he  
enzymes  and  t h a t  t he  f i xa t ion  is i r revers ible .  Besides,  for 
an  (3H) acrole in  m o l a r i t y  s imi la r  to  t h a t  measu red  in 
vivo in r egene ra t i ng  r a t  l iver  3, t he  b i n d i n g  of (all) acrole in  
to  t he  e n z y m e  is a t  leas t  100 t i m e s  h igher  t h a n  t h a t  meas-  
u red  i n  v ivo  for the  t o t a l  r egene ra t i ng  r a t  l iver  p ro te in .  
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This  resu l t  suggests  a g rea t  a f f in i ty  of acrole in  for t he  
r egene ry t ing  r a t  l iver  D N A  polymerase .  ALACRON ~ has  
d e m o n s t r a t e d  t h a t  ac ro le in  was p roduced  b y  e n z y m a t i -  
cal ly oxid ized  spe rmine  a n d  s p e r m i d i n e  a n d  also dur ing  
t he  o x y d a t i v e  d e g r a d a t i o n  of 2 a n t i t u m o r  agen ts  ~,s. He  
e m p h a s i z e d  t h a t  the  u n s a t u r a t e d  a ldehyde  m i g h t  be  an  
effect ive cell g r o w t h  inh ib i to r .  Recent ly ,  CONNORS et  al. v 
po in t ed  ou t  t h a t  p h o s p h o r a m i d e  m u s t a r d  a n d  acrolein,  
r e su l t ing  f rom the  in v i t ro  m e t a b o l i s m  of cyc lophosphami -  
de, h a d  t he  h ighes t  c y t o t o x i c i t y  for W a l k e r  t u m o r  ceils. 
The  i n h i b i t i o n  of D N A  and  R N A  syn thes i s  t h a t  we 
observed  in v ivo  a n d  in vi t ro ,  t he  a f f in i ty  of acrolein for 
r egene ra t i ng  r a t  l iver  D N A  po lymerase  a n d  also t h e  abil i-  
t y  of acrole in  to  b i n d  D N A  accoun t  for t he  cell g rowth  
i n h i b i t o r y  p roper t i e s  of acrole in  8. 

Rdsumd. La  f ixa t ion  de l 'acrol6ine  3H k I ' A D N  poly-  
m6rase de foie de r a t  en  r6g6n6ra t ion  et  ~ I ' A D N  poly-  
merase  I de E. coli a 6t6 6tudi6e. L 'ac ro l6 ine  aH inh ibe  
l ' ac t iv i t6  de I ' A D N  po lym6rase  de foie de r a t  en r6g4n6ra- 
t ion  en  se f i x a n t  i r r6ve r s ib l emen t  sur  les g r o u p e m e n t s  SH 
essentiels  ~ son ac t iv i t6 .  P a r  ailleurs,  la f i xa t ion  de 
l 'acrol6ine  3H aux  mod61es, A D N  ou polym6res  syn th6 t i -  
ques, est  de 1 mol6cule pou r  10 a nucl6ot ides  et  corres- 
pond  a u x  f ixa t ions  k I ' A D N  cte foie de r a t  mesur6es  in  
vivo.  
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Multiple DNA-Dependent RNA Polymerases of Neurospora 

Mult ip le  D N A - d e p e n d e n t  R N A  po lymerases  h a v e  been  
d e m o n s t r a t e d  a n d  cha rac t e r i zed  in fungi1-4 as well  as in  
o the r  euea ryo tes  5,6. I n  a r ecen t  r epo r t  v, R N A  po lymerase  
ac t iv i t ies  were cha rac te r i zed  f rom isola ted nucle i  of t he  
Neurospora crassa m u t a n t  ' s l ime ' .  I n  t h a t  s tudy ,  4 peaks  
of e n z y m e  a c t i v i t y  were obse rved  upon  e lu t ion  f rom 
DEAE-ce l lu lose .  All  of these  ac t iv i t i es  were insens i t ive  
to  r i fampic in ,  whi le  one was comple te ly  sens i t ive  to  e- 
a m a n i t i n  a n d  one was p a r t i a l l y  sensi t ive.  

I n  th i s  s tudy ,  D N A - d e p e n d e n t  R N A  po lymerases  
were isola ted f rom a crude  p r e p a r a t i o n  of nucle i  f rom 
wild t y p e  N.  crassa us ing  d i f fe ren t  techniques ,  and  
w h e n  c h r o m a t o g r a p h e d  on  D E A E - s e p h a d e x ,  on ly  2 
m a j o r  peaks  of R N A  po lymerase  a c t i v i t y  were resolved.  
These  ac t iv i t i es  are ident i f ied  as R N A  po lymerases  I and  
I I .  The  reason  for t he  dif ference be t w een  these  resu l t s  
and  those  ob t a ined  us ing  N.  crassa ' s l ime '  are unc lear  
a t  t h i s  t ime.  Neurospora crassa, s t r a in  853A, was g rown 
in Vogel 's  m e d i u m  N c o n t a i n i n g  2% (w/v) sucrose 
for 23 h a t  25~ w i t h  v igorous  aera t ion .  Conidia  for 
o b t a i n i n g  large a m o u n t s  of myce l i a  were p roduced  as 
descr ibed b y  DAvis  and  DESE`RRES s. E a c h  8 1 cu l tu re  was 
inocu la ted  w i t h  conidia  ob t a ined  f rom one 2.5 1 F e r n b a c h  
flask. Buf fe r  J-I: 0.05 M Tris-HCi, p H  7.3 a t  4~ 0.01 M 
MgC12, 1.0 m M  CaC12, 0.5 m M  d i t h i o t h r e i t o l  (DTT), 
0.1 m M  E D T A ,  0.5 M sucrose, 10% (v/v) glycerol.  
Buf fe r  A:  0.05 M Tris-t-IC1, p H  7.5 a t  4~ 0.01 M MgC12, 
0.50 M (NH4)2SO4, 0.5 m M  DTT,  1.0 m M  E D T A ,  
0.1 m M  p h e n y l m e t h y l s u l f o n y l f l u o r i d e  (PMSF),  10% 
(v/v) glycerol.  Buf fe r  B :  0.05 M Tris-HC1, p H  8.2 a t  
4~ 0.01 3// MgCI~, 0.01 M (NH4)aSO4, 0.5 m M  DTT,  
1.0 m M  E D T A ,  0.1 mWI PMSF,  20% (v/v) glycerol.  

The  r eac t ion  m i x t u r e  (0.25 ml) for t he  assay  for R N A  
po lymerase  consis ted  of 0.04 M Tris-HC1, p H  7.9 a t  
30~ 0.1 m M  E D T A ,  2.0 m M  MgC12, 0.5 m M  DTT,  
0.5 m g / m l  b o v i n e  se rum a lbumin ,  0.15 m M  ATP,  CTP, 
GTP,  0.015 m M  5-all  U T P ,  specific a c t i v i t y  300 Ci/mole,  
0.20 m g / m l  calf t h y m u s  DNA,  0.4 m M  p o t a s s i u m  
p h o s p h a t e ,  p H  7.5, and  30% (v/v) glycerol.  I n  addi t ion ,  
for assays  for R N A  poly lnerase  I :  0.03 M (NH4)2SOa, 
1.0 m M  MnC12, a n d  for R N A  po lymerase  I I :  0.08 M 
(NH4)~SO 4 a n d  2.0 m M  MnC12. 

Reac t i ons  were s t a r t e d  b y  t he  a d d i t i o n  of enzyme,  
i n c u b a t e d  30 ra in  a t  30 ~ a n d  s t opped  by  t he  add i t i on  of 
2 ml  of cold 5% (w/v) t r i ch lo roace t i c  acid (TCA). Af ter  
30 rain,  p rec ip i t a t e s  were col lected on  W h a t m a n  GF/C  fil- 
te rs  a n d  washed  10 • w i t h  5 rnl of cold 5% TCA. F i l te rs  
were dr ied a t  80 ~ and  coun t ed  in a to luene  based  l iquid  
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Fig. 1. Elution of RNA polymerase from DEAE-sephadex. The 
diluted enzyme preparation was adsorbed to a 2.5 • 15 cm DEAE- 
sephadex column, washed with buffer B, and Muted with an (NH4)2SO 4 
gradient. Fractions, 2 ml, were collected and 50 ~xl aliquots assayed 
for RNA polymerase activity. The reaction mixture contained 2 mM 
MnC12 and no added (NH,)2SO 4. The concentration of (NH4)2S Q 
( - - - )  was monitored by conductivity measurements. O--I- i ,  Aes0; 
�9169 enzyme activity. 
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Fig. 2. The effect of Mn l+ and Mg 2+ on RNA polymerase I and II 
activity. The concentrations of MnC12 or MgCI~ were varied in the 
standard reaction mixture. The concentration of (NH4)~SO 4 was 
0.03 M for polymerase I (O-O-O) and 0.08 M for polymerase II 
(O-O-eL 

scint i l la t ion solution. One enzyme uni t  is the  incorpora-  
t ion of 1 picomole of U M P  into TCA-precipi table  poly-  
nucteot ides  per  10 min.  

For  R N A  polymerases  isolation, two 8 1 cul tures  were 
ha rves ted  by  f i l t ra t ion th rough  nylon  net.  The unwashed  
myce l ium was suspended  in 250 ml of buffer  H and 
homogenized  wi th  glass beads  (0.2 m m  diameter)  in an 
Omnimixe r  (Sorvall, Norwalk,  Conn., USA) for 5 min  at  
half  full speed. The homogena te  was f i l tered th rough  
2 layers of f lannel  and the  f i l t ra te  cent r i fuged at  10,000 •  
for 30 min.  The pellet,  conta in ing  nuclei and  mi tochondr ia ,  
was suspended  in 30 ml of buffer  A and 300 ag of DNase  I 
was  added.  The suspens ion  was s t i r red for 15 rain and 
cent r i fuged at  15 ,000•  for 15 min. The pellet  was 
re -ex t rac ted  wi th  10 ml of buffer  A and  centr i fuged as 
above. The s u p e r n a t a n t s  were combined,  solid (NH4)2SO 4 
was added  to 29% of sa tura t ion ,  the  solut ion was s t i r red 
for 30 rain, and centr i fuged a t  40,000 x g  for 15 rain. 
Solid (NH4)2SO4 was added  to the  s u p e r n a t a n t  to  55% of 
sa tura t ion ,  the  solut ion was s t i r red for 30 rain and  centr i -  
fuged at  40,000 •  for 30 rain. The p H  was ma in ta ined  
a t  7.5 dur ing the  (NH4)2SO 4 f rac t iona t ion  by  the  add i t ion  
of 1 M NH4OH. The pellet  was dissolved in buffer  B and 
di lu ted  wi th  the  same buffer  unt i l  the  specific con- 
duc t iv i ty  (0~ was 4.5 n ~.  The d i lu ted  p repa ra t ion  
was t h e n  appl ied a t  a ra te  of 100 ml /h  to a 2.5 • 15 cm 
D E A E - s e p h a d e x  A50 co lumn pre-equi l ib ra ted  w i t h  
buffer  B. The column was washed  at  100 ml /h  wi th  buffer  
B unt i l  the  A2s 0 of the  eff luent  was 0.05, and the  enzyme 
Muted wi th  a 100 ml, 0.05-0.40 M (NH,)2SO 4 grad ien t  in 
buffer  B at  60 ml/h.  The peak  fract ions of each ac t iv i ty  
were pooled and s tored in l iquid N~ where  t h e y  were 
s table  for a t  least  6 weeks. All opera t ions  were carried out  
at  0 4~ as rap id ly  as possible. 

Reagen t s  were ob ta ined  as follows: nucleoside tr i-  
phospha tes ,  Boehr inger ;  PMSF,  calf t h y m u s  D N A  
(Type 1), DNase  I (1 • crystall ized),  Sigma;  bovine  serum 
a lbumin  (A grade), r i fampicin,  DTT, cycloheximide,  
Calbiochem; double-dis t i l led glycerol, tris base, Merck; 
ur idine [5-aHl-5 ' - t r iphosphate  ( ammonium salt,  15 Ci/ 
mmole),  A m e r s h a m  Radiochemica l  Centre.  ~-Amani t in  
was a gift  f rom Dr. T. WIZLAND, Max P lanck  Inst . ,  
Heidelberg,  Germany.  All o ther  chemicals  were reagen t  
grade. 

Figure I shows the  profile of enzyme ac t iv i ty  e luted 
f rom D E A E - s e p h a d e x .  2 ma jo r  peaks  Muted a t  0.10 M 
and 0.25 M (NH4)~SO 4 while a th i rd ,  small  peak  Muted 
at  0.37 M. Due to the  tac t  t h a t  very  l i t t le  of th is  last  
ac t iv i ty  was p resen t  in any  p repa ra t ion  and of ten was 
absent ,  its p roper t ies  were no t  s tudied.  

The nucleoside triphosphate and DNA dependency and drug 
sensitivity of RNA polymerases I and II 

Treatment Control (%) 
Polymerase I Polymerase II 

Complete 100 100 
-- ATP 3 0 
-- CTP 11 0 
-- GTP 16 11 
-- DNA 0 0 
+ eyeloheximide (200 p,g/ml) 99 93 
+ ~-amanitin (40 Ixg/ml) 94 6 
-t- rifampicin (10 {xg/ml) 99 85 

Each activity was assayed under optimal conditions and the specified 
compound added or removed. 
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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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mg 

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.  

W. g. TIMBERLAKE and G. TURIAN 12 

Laboratoire de Microbiologie, D@artement de Biologie 
Vdgdtale, Universitd de Gen~ve, CH-7277 Gen~ve d 
(Switzerland), 5 September 1974. 

9 S. T. JAcoB, E. IV[. SAJDEL and H. N. MUNRO, Biochem. Biophys.  
Res. Commun. 38, 765 (1970). 

10 F. STIRPE and L. FIUM~, Biochem. J. 105, 779 (1967). 
n H. KUNTZeL and K. P. SCHAF~R, Nature New Biol. 237,265 (1971). 
le This research was supported by a grant from the Fonds National 

Suisse de la Recherche scientifique. We thank Mme CI~RISTIANA 
GALASSI for her technical assistance and Dr. K. PUROHIT for ini- 
tiation of this study. 

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 .  

i D. JERINA, J.  DALY, B. WITKOP, P. ZALTZMAN-NIRENBERG and 
S. UI)ENFRIEND, Archs Biochem. Biophys.  728, 176 (1968). 

2 E. W. MAYNERT, R. L. FOREMAN and T. WATABE, J. biol. Chem. 
246, 5234 (1970). 

3 ]~. BOYLAND, G. S. RAMSAY and P. SI~S, Biochem. J.  78, 736 
(1961). 

4 A. R. JONES, Drug Metab. Rev.  2, 71 (1973). 
On a 3 ft x2 mm column of Porapak Q at 180 ~ authentic 3- 
bromopropane-l,2-diol had a retention time of 7.10 rain. On a 
3 ft• mm column of 20% diethylene glycol succinate on 
HMDS ehromosorb W at 180 ~ authentic 3-bromopropanol had a 
retention time of 2.15 rain. Neither compound could be detected 
in continuous ether extracts of urine from treated animals. 
Assessed by administration of the 14C-labelled compound (A. R. 
Jo~Es, J. Labelled Cpds. 9, 697 (1973)). 
E. IVASHKIV and J. M. DUN~AM, J. pharm. Sci. 63, 285, (1973). 

s H. JACKSON, I. S. C. CAMPBELL and A. R. JONES, Nature, Lond. 
226, 86, (1970). 


