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SUMMARY 

I. a-Amylase containing ethionine was separated in crystal l ine form from the 
culttn'e medium of the methionine-requir ing m u t a n t  of B a c i l l u s  subt i l i s .  

2. ] 'he sedimentat ion,  viscosi ty and  electrophoretical  mobi l i ty  of a-amylase  
containing ethionine were compared with those of normal  enzyme.  The molecular  
weight of a-amylase wa,~ es t imated  as 55,ooo. 

3- The peptides containing methionine  and  ethionine were separated by  co lumn 
chromatography  from a t rypt ic  hydro lysa te  of a-amylase  conta ining ethionino, and  
the  amino acid composit ion of these peptides was es t imated.  

4. I t  was concluded t h a t  ethionine can be incorporated into the  normal  peptide- 
bond sequence of a-amylase,  and tha t  a-amylase  containing ethionine has the same 
physico-chemieal properties and  enzyme ac t iv i ty  as those of normal  protein. 

INTRODUCTION 

Evidence for incorporat ion of certain amino acid analogues,  such as ib-fl.uorophenyl- 
alaninO ,~-, th ienylamine  2, ethionine a, a za t ryp tophan  4,s and seienomethionine ~, in to  
cellular protein has been presented. It has also been observed tha t  synthesis  of some 
enzymes and  cell growth are inhibi ted by  incorporat ion of such amino acid aflalogues 
into cells ~-, ~. 

Tile following plausible mechanism can be proposed to explain these results.  
For example,  amino acid analogue m a y  become incorporated into the normal  pcptide- 
bond sequence of normal  protein in e):change for normal  amino acid. I f  the amino 
acid moie ty  replaced is essential for act iv i ty ,  the protein m a y  not possess the same 
biological ac t iv i ty  as tha t  of normal  protein. Or possibly, amino acid analogue m a y  
only part icipate in the synthesis  of an " a b n o r m a l "  protein,  and  synthesis  of an  
" a b n o r m a l "  protein or the " a b n o r m a l "  protein itself m a y  inhibit  normal  prote in  
synthesis.  Al ternat ively,  it is also possible t h a t  these two mechanisms are co-operat ing 
in living organisms. 

In order to approach the mechanism of protein synthesis ,  it will be impor t an t  
to distinguish these possibilities. For this purpose, the proteii~ containing amino 
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acid analogue will have to be isolated in a pure form, and  it will be necessary to s tudy  
its amino acid pat tern ,  biochemical ac t iv i ty  anr~l pbysico-chemical properties. 

In a previous papeff,  using the Bacillns subtilis ~t-amylase system, it has been 
shown tha t  some parts  of methionine in the u-amylase molecule can be replaced by 
ethionine, and  a-amylase containing e thionme has the same e,-~zyme ac t iv i ty  as tha t  
of normal  enzyme.  In the present work, the peptides containing methionine and  
ethionine were separated by column chromatogr'4phie technique from a t rypt ic  
hydro lysa te  of a-amylase containing ethionine, and  the amino acid composit ion of 
these peptides was determined.  It was conch,ded tha t  ethionine can be incorporated 
into the normal  pe.ptide-bond sequence of a-arnvtase molecule by uniformly exchang- 
ing with  methioniue during the process of protein svntht:sis. Some physico-ehemical 
properties of a-amylase  containing "thionine were compared with those of normal  
e n z v m e .  

.Xl.Vr tC R I A L S  . \  N I ~ M I- ' I 'H( H.JS 

Bactcri~ds strain.s used 

Bacillus subtilis strain I~ and  tile muthionine-requiring m u t a n t  (strain K-Met) 
were used in this experiment .  Stra in  K-Met was obta ined  from the wild type  parent  
by  M. KoHtV.~.~i.\ using the penicillin-screening method  at  the Ins t i tu te  of Applied 
Microbiology of th.; Univ-~rs.ity :ff Tokyo.  

2~lal~rials usai 

Soluble s ta rch  purchased- f rom the \Vako Pun:  Chemical Industr ies  ( japan),  
Trypsin  (2 :-: Crest.  50 ° ,  3IgSO.,) purchased from the Nutr i t ional  Biochemical Cor- 
porat ion and  Dowex-5o-Xa purchased [rt)m the Dow Chemical Company  were used 
in this work. XVhatman No. I tilter paper wan used for pape," ch romatography  and  
paper  clectrop|toresis. 

Culture method 

The bacteria were grown on tile surface of the nvnthetic medium containing 
7°,.o soluble s tarch,  o . 9 " .  ~odium citrate,  1.3",, (NH4)_~HPOa, o.I % I~C1, 0 .05% 
MgSO-TH20 at pH 7.o and  37 ~. For growth of the methionine-requir ing mutan t ,  
the basal medium was suplf iemented with methionine or methionine and ethionine. 

lsolatio~ aud arys&llization o] a-amylase 

When the  a-amylase  ac t iv i ty  of the culture medium reached a roaximum, the 
ceils were filtered off th rough cloth. The method employed for crystall ization of the 
enzyme from tht~ filtrate is similar to H.~GHtAR.CS method'L The procedures are shown 
in Scheme x. About  5o-zoo mg of the 15~philized enzyme powder could be obta ined 
from x 1 of the cul ture medium after  recrystat l ization three time~. 

Normal  a-amylase  was prepared from the basal culture medium using strain K 
or from the cul ture  medium containing 2o rag.1 of J.-methionine using strain K-Met. 
a-Amylase containing ethionine was prepared from the culture medium containing 
5 mg]l  of L-methionine and  2o rag,,1 of DL-etttioltine using s train K-Met. zaS-labelled 
,*-amy ~lase was prepared from the culture medium containing L 5 mC,;1 of azS using 
strain K. 

Relerences p. x65. 
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S C H E M E  I 

C R ~ S ' I ' A L L l Z A T I D . ~  e l  ~" ~ L - A . N f V L A S I {  

Fil tered culture med ium  
a d d  o.5 ~ I  C H A C O 0  l/eCa~.,oo ml / I )  
p H  6 .5  w i t h  ~ A ~ N~() 'FI  
f i l t e r  w i t h  H y f l o s u p e r c e l  (2 g / l )  u s i n g  a ] ] i i c h n e r  f u n n e l  

FliP'ate 
a d d  ( N H ~ ) z S O  4 (420  g / l  o f  f i l t r a t e )  
s t i r  a t  r o o m  t e m p e r a t u r e  f o r  i h 
f i l t e r  w i t h  H y f l o s n p e r e e l  (z g/ l )  u s i n g  a B / i c h n e r  f u n n e l  

Fil ter  cake 
! s u n p e n d  i n  o .ox  2]'1 C H ~ C O O  ~/~Ca (20 ml/1 o f  c u l t u r e  m e d i u m )  
I p l I  9 . 0  w i t h  aV N H a O H  
L e x t t ' a c t  a t  r o o m  t e m p e r a t u r e  
i r e p e a t  t w i c e  

l'Sztracl 
d i a l y s e  a g a i n s t  0 . 0 0 5  51 C t t a C ( ) O ~ C a  
- ' - 3  d a y s  a t  o ~ 

Dial '  ,sate 
a d d  a c e t o n e  u n d e r  s t i r r i n g  a t  o ° ( f i na l  65  '~,~ a c e t o n e ,  v / v )  
c e n t r i f u g e  ~LL - -  5 ° t o  o ° 

l~reci bitate I 
s u s p e n d  i n  a s m a l l  v o l u m e  ¢~[ o . o t  .11 C H ~ C O O  V2Ca 
l e a v e  f o r  t n i g l l t  a t  o ~ 
a d d  a c e t o n e  (40 ~3 v[v}  
c e n t r i f u g e  a t  - -  5 ~ t o  o ~ 

Pveci 9ilt, le TI 
w a s h  w i t h  3o  .o,g a c e t o n e  e o o t a i n i n g  o . o o 5  3 t  C H ~ C O O  ~ / C a  
c e n t r i f u g e  a t  - -  b ° t o  o ° 
r e p e a t  3 t i m e s  

t'eaci ~tate I 1 [  
d i s s o l v e  i n  a s m a l l  vohl l - l le  o f  w a t e r  c o n t a i n i n g  
C a ( O H )  e , p H  t o  

~: c e n t r i f u g e  a t  o ° 

Nerpernt~lant 
p H  6..5 w i t h  0. 5 3 !  C H z C O O I I  

i l e a v e  fo r  I n i g h t  a t  o ° 
! c e n t r i f u g e  ~ t  - -  5 ° t o  o '~ 
I 

Crystal l ine t~-a,nytase 

F o r  r e c r v s t a l l i z a t i o n ,  c r y s t a l l i n e  a - a m y l a s e  w a s  d i s s o l v e d  
i n  u s m a i l  v o l u m e  of  w a t e r  a n d  t r e a t e d  a s  l ' r e c i p i t a t e  I l l .  

.4 ssay o! u-amylase ac t iv i ty  

The enzyme  ac t iv i ty  was measured in the  reaction mixture  conta in ing  I.O % 
soluble starch, o.o5 ,~r NaC1, o . o i  M calcium acetate,  o ,I  M acetate  buffer (pH 5.6) 
and enzyme at 4 o°. Amylase  ac t iv i ty  was represented as 'Wohlgemuth's  unit  tl-) z°' )9 

~ , - -  IO o ! ° 

a+leasuremenls o[ sedimentatfon a~,d viscosi ty  

Ultracentri fugat ion experiments  were carried out  in a Spinco Model-E centrifuge 
at a speed of 59,780 rev. lmin and at room temperature.  The  concentrat ion  of the  
protein was 0.7 %, and the  so lvent  employed  was acetate  buffer at pH 6.0 and o.~ 
ionic strength.  

Viscosity,  at a number  of different concentrat ions  ranging from 0.3 % to  o. 7 % 
of the protein,  was measured in the same so lvent  using the Ostwald viscosimeter at 2o °. 

i2e[emuees p. r65. 
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Paper electrophoresis 
Paper  electrophoresis was carried out in the solvent of o.I 3I tris huffer at  

pH  8,2 and  8.8 under  cons tan t  current  (o.62 mA"cro) at room tempera ture  for 2o h. 

Hydrolysis o/denatured a-a~m,,las~ with trypsi~ 

a-Amylase  was denatured  by incubat ion at  2o '-~ for 2o h at a concentra t ion of 
1 %  in o.I  N HCI. The rate  of the t rypt ic  hydrolysis  of dena tured  a-amylase was 
de termined at  z5 °. The subst ra te  was presented at  a concentrat ion of o.5 % in o.I  3[  
phosphate  btlffer at  pH 7.8, Mud the concentrat ion of t rypsin (50 % MgSO~) was 
0 . 0 0 5  %. 

Saparation o/peptides by column chromatography 

The separat ion of ' the  peptides was effected on 15o :- o. 9 cm column of Dov,,ex- 
5o-X2, opera ted  in the Na form, by procedures identical to those described by Hms,  
~'IOORE AND ~ T E I N  10. T.he mixing  chamber  had  a volume of 7-_.0 ml. 

Quantitative estimation o[ amino acid 

The peptides were hydrolysed  complete ly  in 6 N HCI at  I i 0  ° for z4--~8 h. The 
amino acid composi t ion was de termined by the method  described by LEv't m. The 
rat io between methionine  content  and ethionine content  in ~-amylase molecule and 
cellular protein,  was es t imated  by the same procedure. 

Meas.urevzents o/radioactivity 

Frac t iona ted  samples were evapora ted  under  infr~tred lamp and  ~ssa3,ed, using 
a gas-flow counter  (Nuclear Measurement  Model PC-3A). 

I~ES£'Lq'S 

Effevt o] ethionine on bacterial growth amt a-ctmylase production. 

Strain K in the basal medium and the methionine-requiring m u t a n t  (.~train 
K-Met) in the basal  medium supplemented  wi th  a0 mg.'l of L-methionine, reached the 
s t a t iona ry  phase af ter  an incubat ion of about  3 days.  After  a fur ther  incubat ion of 
I or  o days ,  the a-amylase  ac t i v i t y  of the culture medium reached a m a x i m u m  
(4,ooo-6,ooo D]o~,/ml ). Growth  of the both  strains and  the product ion of a-amylase 
exposed to  2o mg/l  of D,L-ethionine were not  inhibited. Strain K-Met was able to 
grow in the basal  med ium supplemented  with  5 rag/1 of L-methionine attd 2o mg,'l of 

• D,L-ethionine but  a t  a slower rate, an incubat ion of about  5 days  being necessary 
to reach the  s t a t i ona ry  phase, and the a-amylase  aetixdty of the culture medium 

• D40.~/ml. After  growth in this medium, reached the same act ivi ty ,  viz. 4,ooo-6,o0o ,~0, 
a back-muta t ion  of s t rain K-Met into the wild-type parent  s train K, d id  not  take  

i:: place. Strain  K-Met could not  grow in the basal medium supplemented with only 
: cthionine.  
: a -Amylase  prepared from the culture medium containing methionine and  

ethionine, contains  ethionine as its molecular  const i tuent .  

• Physico-~he~uica~ #roperties o[ c,-amylase co~tgai,zi.ng eti~iom'.J~e 
... Schlieren pa t te rns  of ~t-amylase conta ining ethionine and  those of normal  
?.. 
::: Relerem'es p. r65. 
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a-amylase show single, symmetr ica l  sedimenta t ion  boundaries.  This fact ind ica tes ' a  
high degree of homogenei ty  in the both  cases. 1"he sedimenta t ion  cons tant  (S~0,,0} 
of a-amylase  containing ethionine es t imated  from the exper imental  results is 4.25 b', 
and  t h a t  of the normal  enzyme is 4.~2 S. These two values reconcile well wi th in  
exper imenta l  error. 

Intr insic viscosity of the both =-amylases also reconcile well, viz. [~] " 5.4 4- 
o.I ml/g. 

From the sed imenta t ion  cons tant  and  the intrinsic viscosi ty (-%'2u, w -= 4.25) and 
[zt] = 5-4), together  with an assumed value for par t ia l  specific volume o.745 ml/g, 
and ~ "  p - t  _ 2 .6- i0  ~, the molecular  weight of a-amylase m a y  be calculated from 
the MAN1)ELKERN--FI.OltY equation'°-: a value of 55,0oo was obtained.  The molecular  
weight of a-amylase  of ano ther  s t rain of Bacillu~ s**blilis was es t imated  as abou t  
45,000 from the unimolecular  layer method  13. 

Pa t te rns  of paper electrophoresis at  pH 8.2 and 8.8, indicate the same eleetro- 
phoretical  mobilities of the both  proteins as well as their  homogenei ty .  

Amin, o acid patlern, v/a-amylase aontaiJ~ht, g ethioJ~i~e 

The course of the t rypt ic  hydrolys is  of ac id-denatured  ~-amylase at  pH 7.8 and  
25 ~ is indicated by the curve shown in Fig. i .  I t  will be seen tha t  the  reaction proceeds 
a lmost  to completion within a period of 5 h, and  tha t ,  as measured  by the  increase of 
ninhydrin-reaet ive  groups, a-amylase  molecule is split into about  5o peptides.  This 
result reconciles well wi th  the fact tha t  a-amylase  has about  50 moles of lysine and  
arginine pet" mole la. Nat ive a-amylase  was stable towards  t ryp t i c  digestion. 

- " - ' - - - ~  ~'-" 40 

3 0 o  o~o 

o >  ° 

" - c  4C . . g  
.~ 2c I o _ = ~ E  

incubation ¢.[m~ (h) 

Fig .  ~. T h e  r a t c  of  h y d r o l y s i s  of a c i d - d e n a t u r e d  a- ,~nlylase  by  t r y p s i n  ~t .'3% T h e  s u b s | r a t e  w a s  
p r e s e n t e d  a t  a c o n c e n t r a t i o n  of 0. 5 % in o . i  .~.[ p h o s p h a t e  bu f f e r  a t  p H  7.8, a n d  t h e  c o n c e n t r a t i o n  

of  t r y p s i n  (5 ° % MgS()~) w a s  o.oo 5 %.  

In view of the result shown in Fig. I,  a hydro lysa te  obta ined af ter  exposing 
acid-denatured a-amylase containing ethionine to the act ion ~f t ryps in  for 2o h was 
chromatographed  on a 15o >: 0. 9 cm column of Dowex-5o-X2. The effluent curve is 
shown in Fig. 2. Of these peaks, those marked  I, I I  and  I I I  conta ined  meth ionine  
and  ethionine. From the fact  t h a t  the corresponding peaks oh ta ined  from a hydro-  
lysa te  of aSS-labelled a-amylase by the same procedure showed tie rad ioac t iv i ty ,  it 
was assumed tha t  no other  peaks conta ined  sulphur-containing amino acid. 

F rom the sulphur  content  of a -amylase  (o.oz 7 ± o.oo2 mg/mg protein N) and  
its molecular weight,  together  wi th  tim fact  t ha t  a-amylase has nei ther  eysteine nor  
cyst ine TM,  it is shown tha t  one mole of a-amylase contains 4 moles of methionine  or 
methionine  and  ethionine. So i t  might  be expected tha t  four pep| ides conta in ing  
methionine  and  ethionine would be separated.  B u t  the fourth  peptide could not be 

Re ieren~es p. I63. 
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~ ,8  ...= ~ o.2o 

~ o a s  

h ~  0 .05  

Eff lu '~nt  l i ter~  0~.1 O'~ ~ /~ ' • 0 • 3  

_ ~  0Js 

Eff luent  liter~ LO 

0 . 4  0.5 0.6 0.7 O.e, 0.~' 
G r a d u a l l y  incre~ls ln~ DN and [Nel ~'] - -  

1.1 1.a ~.3 1.4 ~.~ . 1.e 1~7 t'e 
- -  (O.:~N pH 3J ~ 2 , O N  pH 5.1 },.35 ° t h r o u g h o , ~ t  . . . . . . . . . . .  ~ . . . . . . . . . . . . .  5 0 "  - . . . . .  

F i g .  2.  T h e  p e p t i d e s  i n  it 2 o - h  t r y p t i e  h y d r o l y s a t e  o f  a c i d - d e n a t u r e d  o - a m y l a s e  c o n t a i n i n g  e t i d o n i n e .  
C h r o m a t o g r a p h y  off a h y d r o l y s a t e  f r o m  4 ° m g  o f  p r o t e i n  w a s  c a r r i e d  o u t  o n  a I5O × 0 . 9  c m  
c o l u m n  o f  D o w e x - 5 o - X 2 . T h e  e f f l u e n t  w a s  c o l l e c t e d  in  2-mL f r a c t i o n s .  A L i q u o t s  (0 .5  ml )  w e r e  r e m o v e d  

fo r  a n a l y s i s  b y  t h e  n i n h y d r i n  m e t h o d .  

T A B L E  1 

A N I I N O  A C I D  C O M P O S I T I O N  O1" P E P T I D E S  C O N T A i N i N G  ? . I ~ : T H I O N I N E  A N D  I ' ; T H I O . " ~ ] N E  

.4JtlD~o ..Old 
J~e'tlk 

l 1 1  I l l  

M e t h i o n i n e  ~ ,64  ] o , 6 t  I 0 . 6 0  1 
E t h i o n i n e  0 . 3 6  ~ x .uo  0 ' 3 9  I [ .tn~ ° ' 4 °  j ~ .oo  
A s p a r t i c  a c i d  5.o0 3"05 I [ . .  
G l u t a m i c  a c i d  z . o  s z .~  o 
G l y e i n e  I .  ~ 2. o:, 3- z~ 
A l a n i n e  4 .20  l .~% ] . o .  
V a l i n e  i . o  0 2. z~ 4 .2 s  
L e u c i n e  a n d  i s o l e u c i n e  1.90 4. I6 t .80  
S e r i n e  1.9:, o . o  0 . %  
T h r e o n i n e  o.  9r  i .  t s r .  8 0 
P r o l i n e  0 .94  0.9o t .  70 
L y s i n e  i .  t ~ o . o  o . o  

C - t e r m i n a l  L y s i n e  A r g i n i n e  A r g i n i n e  
N - t e r m i n a l  " V a l i n e  
Y i e l d  o f  p e p t i d e  8o  % 5 ° % 4 ° % 

T h e  c o m p o s i t i o n  o f  t h e  p e p t i d e s  c o n t a i n i n g  m e t h i o n i n e  a n d  e t h i o n i n e  is  e x p r e s s e d  i n  t e r m s  
o f  t h e  m o l a r  r a t i o s  o f  t h e  c o n s t i t u e n t  a m i n o  a c i d s ,  t a k i n g  t h e  a m o u n t  o f  m e t h i o n i n e  a n d  e t h i o n i n e  
a.~ i . o o .  

* N o t  d e t e r m i n e d .  
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eluted out  by  the procedure,  p robab ly  owing to the  fact  tha t  the pept ide  conta ins  
aromat ic  amino acid residues as its molecular  const i tuent .  

The quan t i t a t ive  amino acid analysis  summarized in Table  I, indicated  tha t  
the  peaks marked  i, I I  and I l l  have  the same molar  ratio of meti , ionine to ethionine 
(methionine : ethionine =: o.62 : o.38), The rat io of methionine conten t  to e thionine 
con ten t  of the  whole a -amylase  molecule containing ethionine is o .6i  : 0.39. So the 
ratio in the  four th  pept ide,  which could not  be de te rmined  direct ly,  must  be the  same 
as tha t  of others.  

The results descr ibed above  indicate  tha t  all four methionines  have  an equa l  
chance of being replaced b y  ethionine in the a -amylase  molecule,  thus  excluding the 
possibi l i ty tha t  one or  two par t icular  methionine  moieties will be preferent ial ly  
replaced. 

The ratio of methionine to ethionine in cellular prote in  is o.59 : o-4r- 

D I S C U S S I O N  

No work  has yet  been repor ted  on the mechanism of ' incorpora t ion  of amino  acid 
analogues into protein,  and it has not  ye t  been decided whether  or  not  the  prote in  
containing amino acid analogues  has biological ac t iv i ty .  

In the  present  work,  it has been es tabl ished tha t  ethionine can be  incorpora ted  
into normal  pep t ide-bond  sequence of a -amylase  b y  un i formly  exchanging wi th  
methionine  during the process of protein synthesis .  Thus  the process  of prote in  syn the-  
sis permi ts  ethionine to replace methionine.  

Concerning the physieo-chemieal  propert ies ,  no difference could be  de tec ted  
be tween  the  sed imenta t ion  veloci ty ,  v iscosi ty  and e lect rophoret ical  mob i l i t y  of 
~-amylase containing ethionine and those  of normal  enzyme.  As was  shown in a 
previous paper  ~, the  enzyme ac t iv i ty  of a -amylase  conta in ing ethionine is same as 
tha t  of normal  enzyme (8o,ooo__9o,ooo l)a0o;-~:~0, ~rn__.g protein N in the  bo th  cases)..%0 in 
the  case of a-amylase ,  ethionine is sufficiently similar  to methioninc  to have  the same 
physico-chemical  propert ies  and biological ac t iv i ty .  B u t  ethionine can not  be used  
as a subs t i tu te  for methionine  in the growth  of the methionine-requir ing mu tan t .  

I t  has been repor ted  tha t  etl~ionine has an inhihi tory  effect on the  format ion  of  
r ibonucleic acid at higher concentra t ions  ta. In  the  case of Bacill~ts subtilis, ethiordne 
had  no effect on cell g rowth  and  the format ion of a-amylase .  

This repor t  presents  the  first evidence for incorporat ion of  an amino acid analogue 
into a normal  pep t ide-bond  sequence  of norma! protein.  Theft: is no reason, however ,  
to pos tu la te  tha t  all amino acid analogues are incorpora ted  into prote in  b y  the same 
mechanism, or tha t  protein containing o ther  kinds of amino acid analogues  has the  
same biological ac t iv i ty  as tha t  of normal  protein. Fu r the r  inves t igat ions  mus t  be  
carried out,  using other  types  of amino  acid analogues  and o ther  types  of protein.  
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C O N T R I B U T I O N  O F  H Y D R O U R A C I L  A N D  ITS  D E R I V A T I V E S  

T O  P Y R I M I D I N E  B I O S Y N T H E S I S  

II. : ! E C H A N I S M  S T U D I E S  

L. C. M O K R . k S ( ' H  AXl~ S. G R I S O L I A  

T h e  Alclh 'edn Labm'ettories. Depmqment  of 3Iedicim',  l.rJ~ii,ersit), el  I(a~lsa.¢ 3Iedica t. Cenger, 
Naus~ts City,  Nan .  (U..'4..-[.) 

( t ~ e c e i v e d  O c t o l ~ e r  z g t h ,  I¢,5,q) 

S U M M A  RY 

In an a t t empt  to elucidate the  mechanism of R N A  formation from CflA and H U  the 
relative incorporat ion of a number  of derivat ives  was determined.  From the data  it is 
clear that  the  ribotidcs of C/3A and H U  are mu ch  superior to the  parent co mp o u n d s  
and to orotate  or COo as precursors of  RNA. Tile ribosides of CflA and H U  were 
incorporated somewhat  better  than  the  parent compounds .  

To clarify the  intermediate  steps in the  sequence,  the appearance of :I*C(CflA 
and I-:aC]HU into  their ribotides was  demonstrated.  A reaction invo lv ing  D P N  and 
H U R t  to  g ive  U R P  was demonstrated  and a t t empts  to  purify the system were made,  
Apparerttly, T P N  and/or  the  flavins are not  involved .  

E~4dence for the  cycl izat ion of CARP to H U R P  was obta ined with the  suggest ion 
t h a t  a more exergonic condi t ion  than s imple reversal of hydrolys is  is required. 

A b b r e v i a t i o n s  u s e d  in  t h i s  p a p e r  a r e  a s  f o l l o w s :  H U ,  4 , 3 - d i h y d r o u r a c i l ;  CflA, ca rba raoy l - f l -  
a t a n i n e ;  C-Asp ,  c a r b a m o y l  a s p a r t a t e ;  U R P ,  u r idv l i c  a c i d ;  H U R P ,  4 ,5-d i l~vdrour idyl ie  ~c id :  
C A R ,  carbarrto_vl-~-alanine r ibos ide ,  C A R P ,  c~vb~mo.vl- f l -a tanine  r i t m t i d e ;  t~ I :R ,  4 , 5 - d i h y d r o -  
u r i d i n e ;  R N A ,  r i b o n u c l e i c  a c i d ;  D P N ,  T P N ,  di  or  t r i p h o s p h o t ' y r i d i n e  n u c l e o t i d e ;  D PN FI ,  T P N H ,  
r e d u c e d  d i  t~r t r i p h o s p h o p y r i d i n e  n u e l e o t i d e .  

:.: References p. z7o, 
? 


