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SUMMARY 

The influence of iodoacetate on the whale pancreatic rIbonuclease (nbonuclease 
W1) (EC 2 7 7 16) was studied The inactivation of rlbonuclease W 1 by action of lodo- 
acetate occurred most rapidly at pH 5 o-5 7 The presence of 3 molar equivalents of 
urldlne 2'(3')-phosphate and cytidine 2'(3')-phosphate to ribonuclease W 1, largely 
inhibited the inactivation, but the inhibition was very slight when purlne nucleoside 
2'(3')-phosphates instead of pyrimldine nucleoside 2'(3')-phosphate were present 

The products of the reaction of lodoacetate with rlbonuclease W 1 at pH 5 o 
were separated by column chromatography using SE-Sephadex The main product 
seemed to be a modified rabonuclease WI, which was produced by introduction of 
one mole of carboxymethyl group per one mole of the protein 

The products obtained by the similar reaction performed at pH 8 5 were 
separated into at least nine peaks of the fractions, among which only one peak had 
no enzymatic activity 

INTRODUCTION 

The catalytic sites of several enzymes so far investigated generally contain 
some chemically unique or unusually reactive amino acid residues Therefore, com- 
parative studies of chemical modifications of several enzymes from various sources, 
should offer valuable information on the relations between structures and functions 
of those enzymes 

Many papers have reported on the chemical modification with various reagents 1 
of bovine pancreatic rlbonuclease Among those, the carboxymethylatlon with a- 
halogenoacetlc acids 2-9 provided the most fruitful Information about the active 
center of this enzyme, that IS, a-halogenoacetlc acids such as a-iodo- or a-bromoaeetlc 
acid specifically reacted with hlstidine residues at the 12 or 119 position of the rIbo- 
nuclease A at about pH 5 5 to produce a modified rlbonuclease A having I-carboxy- 
methyl hlstldyl or 3-carboxymethyl hlstldyF, s residues As these products have no 
enzymatic activities, it became clear that these hlstldxne residues were involved In 
the active sites of rlbonuclease A 
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Recent ly  TAKAHASHI et al ~o repor ted  tha t  the react ion of ~-bromoace ta te  with 
nbonuc lease  T 1 (EC 2 7 7 26) produced a modified enzyme which had  no enzvmatl~ 
actxvlty and tha t  m the modif ied produc t  7 -ca rboxy  group of the  g lu tamlc  acid at  
the  posi t ion 58 ,aas e a r b o x y m e t h y l a t e d ,  thus it was considered tha t  this  glutmm~ 
acid resMue should be lnw~lved in the  act ive .~lte of the nbonuelease  T 1 (ref~ io,  I I )  

These observatmn~ tha t  ~t-halogenoacetate modified dffierent kinds of  amino 
acid residue, each of  which was hkely  revolved in the act ive ~lte~ of two klnd~ of 
nbonuclease~ having different subs t ra te  ~pecific~tle~ ~ugge~ted the po~blble signifi- 
cance of the~e anuno acxd resMues in the sub~trate  specaficmes of  the corresponding 
r lbonuelease 

Vve have repor ted  the  purif icat ion and proper t ies  of pancreat ic  r lbonucleases 
from var ious  mamn~allan .,pecles including human  12, whale n, hor>e 14 and porcmO 5 
The ~ubstrate  specifici ty of all these enzymes wa~ , l ln l lar  to tha t  of bovine pancrea t ic  
nbonuclea~e A ~xhlch cleaves the  ln ternucleotMe phospha te  hnkages  be tween p y n -  
mldme nbonucleo~Me 3 ' -phosphatea  and 5 ' -hydroxy l  group~ of  the neighbor ing 
nucleot ldes  The whale pancreaNc nbonucleabe (rlbonuclease \VI), however,  had  
consMerably  different anuno acid composi t ion  from tha t  of the bovine r lbonuclease A 
so tha t  it  ahould be in teres t ing to know the behavmr  of the  r lbonuclease \V 1 to~xards 
the chenncal  modif icat ion with  ~t-halogenoacetate, which ha~ been kno~x n to reac t iva te  
the rlbonuelea%e A by  modify ing  the enz3me at  the specific anuno acid re~ldue~ re- 
volved  an the act ive center" This repor t  deal~ with  the  results  of the ~tudy on the 
react ion of {~-lodoacetate x~lth nbonuclease  \V~ 

MATERIAL% AND METHOD% 

Enzynzes Whale  pancreat ic  r lbonuclease (rlbonuclease ~VVl) w a s  obta ined  from 
pancreas  of  Belaenoptera physaJus by  the procedure  of  IRIE ct al n and was fur ther  
purified on a SE-Sephadex  C-25 column 

The pure nbonucleabe A was k ind ly  prepared  from box'me pancreab b 3 Mr 
E Sukegawa of this  l abo ra to ry  

Substrale~ R N A  used as subbtra te  x~as p repared  by  exhaus t ive  dlalv~> of 
commereml  yeas t  R N A  agains t  &stalled ~xater and  ~ubsequent lyop lnhza tum Cyn-  
dine 2',3'-cyehe phospha te  was p repared  according to the  method  of qMITH cl al 1~ 

Determination of rtbomtclcase actzv#y Rlbonuclease actw~ty was de te rmined  
b y  the following two methoda  u~lng R N A  (a) and  cv t ldme 2',3'-eychc phospha te  (b) 
a ,  bubbtrateb 

(a) Assay oJ rlbomtclease actw@, uszng R N A  as substratc To I o m l  of I'~,, 
R N A  ~olutxon in o I M Tns-HC1 (pH 8 o), or sodium ace ta te  (pH 5 o), 2o 5o #1 of 
enzyme solut ion were added,  and the mix ture  was incuba ted  at  37 ° for 5 man The 
react ion was t e rmina ted  by  add l tmn  of o 5 ml of 25°0 HC104 conta ining o 75°,,, uranvl  
ace ta te  Af ter  ~tandlng for 15 mln at  room tempera tu re ,  the prec ip i ta te  ~;as centr i-  
fuged and o I ml of  the supe rna tan t  solut ion ~ as t aken  and di lu ted  with  3 o m l  of 
water  The change of absorbance  at  26o m# was de te rmined  agains t  a proper  b lank  
using a Beckman DU spec t ropho tomete r  

(b) Assay oJ rzbomtclcasc actzv@' tts~ng o'tldzne 2',3'-cvchc phosphate as suhstrate 
This was carr ied out  b y  prac t ica l ly  the same procedure  as descr ibed b y  HERRIES 
*t al 17 at  pH 4 o u~mg sodium cvt ld lne  2 ' ,3 ' -cychc phospha te  as ~ubstrate  
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Column chromatography on SE Sephade:~ C-2 5 SE Sephadex  C-25 (Pharmacia ,  
2 3 ± o 3 mequlv/g)  was buffered ~ l t h  o i M sodium phospha te  (pH 6 5) Af te r  
charging r lbonuclease W 1 on the column (o ¢) > 45 cm), e lut lon was s t a r t ed  with  a 
l inear  g rad ien t  sys tem from o I M sodmm phospha te  (pH 6 5) to o 3 M of  the same 
buffer Rlbonuclease  W 1 was e lu ted  at  the  posi t ion corresponding to the buffer con- 
cen t ra t lon  of  o 2 M The fractmn~ conta ining r lbonuclease W 1 were combined  and 
de~alted by  pa~slng th rough  a column of Ainberh te  MB-3, and the effluent was 
lyophflIzed 

Reachon of zodoacetate wtth rzbonuclease IV 1 The reac t ion  of  iodoace ta te  wi th  
r lbonuclease \V~ was per formed in three different condi t ions Con&tlon  (a) was used 
to know the behavior  of mdoa (e t a t e  on the enzymat ic  ac t iv i ty  of r lbonuclease W~ 
and condi tums (b) and  (c) were employed  fl~r the large-scale p repara t ion  of the 
reac t ion  produc ts  (a) Rlbonuclease W~ (o I°,,) was reac ted  with  lodoace ta te  (o 1%) 
at  appropr i a t e  p H ' s  a t  37 ° Alaquots (2o #1 )were taken  and di lu ted  with  I o m l  oi 
wate r  to de te rmine  the r ibonuclease ac t iv i ty  (b) Reac t ion  at  p H  5 o Ribonuclease  
W I was &s~olved an wate r  an a concent ra t ion  of  o 67 o o and to this  solut ion was added  
iodoacet ic  acid In an amount  half  the weight as the  enzyme The solut ion was im- 
med ia t e ly  ad lus ted  to pH 5 o ,~ltli I M N a O H  and incuba ted  at  37 ° The nnx ture  
x~a~ pa~sed th rough  an Amberh t e  MB- 3 colunm to t e rmina te  the reaction,  and  the 
effluent was lyophihzed  (c) React ion  at  p H  8 5 Rlbonuclease W 1 (IOO rag) was dis- 
~{~lved in 15 ml of o 05 M TrIs HC1 (pH 8 5), and  to this  ,o lu t lon  wa~ added  Io  mg 
of lodoacet lc  acid and the p H  ,~as ad]us ted  to 8 5 wi th  I M Tras The react ion was 
carr ied out  at  37 ° for 15 h Termina t ion  of  the  react ion was per formed as ment ioned  
above  

Determznat,on of the proten, concentrahon Dete rmina t ion  of the  pro te in  con- 
cent ra t Ion  wa~ performed by  measur ing the absorbance  at  28o m #  of the  tes t  solu- 

o / s o l u -  t i o n  in a Beckman DN spec t ropho tomete r  The absorbance  at  280 m# of o I / o  
t lon of  r ibonuclease \V 1 wa~ o 530 

Countzng of the ra&oachvztv Counting of the r ad ioac t iv i ty  was carr ied out  in 
a Packa rd  Trl -Carb hquld  scint i l la t ion spec t ropho tomete r  The scint i l la tor  solut ion 
conta ined  IO g of  2 ,5-&phenyloxazole ,  o 25 g of  1,4-bls-E2-(4-niethyl-5-phenyloxa- 
zolyl)]benzene and IOO g of  naph ta lene  in I 1 of d ioxanO s The efficiency of (oun t lng  
for 14C v~'as 670o 

RESULTS 

Column chromatography of rtbonuclease W 1 on SE Sephadex C-25 
In Fig  I, a typ ica l  p a t t e r n  in the  purif icat ion of  rIbonuclease W a b y  column 

c h r o m a t o g r a p h y  (Step 6 given in the repor t  of I R E  et al 1~) 1~ shown The elut ion 
was per formed using a hnear  dens i ty  grad ien t  ~ystem from o I to o 3 M of sodium 
phospha te  buffer 

In  .~ome prepara t ions ,  jus t  before the  major  peak  of r ibonuclease W~, a minor  
peak having  a r ibonuclease ac t iv i ty  appea red  All  rIbonuclease \V x used in this  re- 
search was ob ta ined  b y  this SE-Sephadex  f rac t iona t ion  

T*me-course of nzachvahon of rzbonuclease II" 1 w#h zodoacetate 
Tmie course of  inac t iva t ion  of  r ibonuelease W 1 with mdoace ta te  is shown in 
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Fxg I ( o l u m n  c h r o m a t o g r a p h i c  p a t t e r n  of r lbonuclease  V~'x on SE-Sephade× C-25 Approx  
8o mg of r lbonuclease  Wx (Step 6 (ref 13) ) xvere loaded The c h r o m a t o g r a p h y  x~as opera ted  a t  
room t e m p e r a t u r e  a t  a flow ra te  of 5 ml /h  and  each io -ml  f rac t ion  x~as col lected Rlbonuc lease  
a c t i v i t y  ,~ as de te rmined  us ing R N A  as subs t r a t e  a t  pH  5 o by  the  procedure  g~x en in MATERIALS 
AND METHODS O---O, pro te in  (absorbance a t  28o ml,), C ,~, r lbonuclease  a c t l ~ t v  (absorbance 
a t  26o m/~) 

Fig 2 The reactivation was estmlated using RNA and cytldme 2',3'-cychc phosphate 
as substrates The rates of inactivation against the both substrates ~ere the same 

The results showed that the activities in both transesterlficatmn and hydrolysis 
of cychc phosphate of this enzyme were inhibited by the modification of some annno 
acids with lodoacetate, which must be revolved in the active site and essential for 
these enzyme activities The rate of inactivation by lodoacetate of rlbonuclease WI 
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FI{~ 2 R a t e s  o f  r e a c t i v a t i o n  of  n b o n u c l e a s e  ~V t b y  l o d o a e e t a t e  a n d  l o d o a e e t a m l d e  a t  p H  5 o a n d  
37" I ml  o f  r e a c t i o n  m i x t u r e  c o n t a i n e d  i m g  of  n b o n u c l e a s e  \V  l, 1 m g  o f  l o d o a c e t m  a m d  or i 5 m g  
of  l o d o a c e t a m l d e  a n d  5o /~ mole s  of  s o d m m  a c e t a t e  ( p H  5 o) R l b o n u c l e a s e  a c t i v i t y  ~ a s  d e t e r -  
m i n e d  a g a i n s t  R N A  a n d  c y t l d m e  2",3"-cychc p h o s p h a t e  as s u b s t r a t e s  0 - - - 0 ,  l o d o a c e t a t e ,  R N A  
as  s u b s t r a t e ,  C" @, l o d o a c e t a t e  c ) t l d m e  2 ' , 3 t - c yc hc  p h o s p h a t e  as  s u b s t r a t e ,  & - - & ,  1odoace ta -  
m lde ,  R N A  as s u b s t r a t e  
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at pH 5 o was comparable to the case of rlbonuclease A As was reported for ribo- 
nuclease A (ref 5) and rlbonuclease T 1 (ref IO) iodoacetamide inactivated ribonu- 
clease W 1 only very slowly and this result indicated that the carboxyl group of lode- 
acetate should be important for the reactivation probably by Its interaction with 
some cationic group(s) in the rlbonuclease VV 1 molecule 

The pH dependence of the znaet, vat,on 
The pH optimum in the inactivation of ribonuclease W1 by lodoacetate was 

estimated and the result is given in Fig 3 
The figure indicates that the optlnmm pH for this inactivation is 5 0-5 7 This 

pH value is also the optimum in the sxnlflar inactivation for rIbonuclease A 
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Fig 3 pH dependence  of the  i n a c t i v a t i o n  of rabonuclease W 1 by  lodoace ta te  a t  37 ° I inl of the  
reac t ion  m i x t u r e  con ta ined  i mg of r lbonuclease  W D i mg of lodoaceta te ,  25 Hmoleb of buffer 
and  5 ° / t m o l e s  of NaC1 Rlbonuc lease  a c t i v i t y  was  de t e rmined  aga ins t  R N A  as subs t r a t e  a t  
p H  8 o Buffers used were sod ium ace t a t e  buffer for p H  4 0-6  75 and  Trls-HC1 buffer for pH  8 o 
0 - - - 0 ,  r lbonuclease  W1, @ - - © ,  r lbonuclease  A 

Fig 4 Effect  of NaC1 on the  i n a c t i v a t i o n  of  r lbonuclease  W 1 by  lodoace ta te  a t  pH  5 o i itll of 
the  reac t ion  m i x t u r e  con ta ined  I mg  of r lbonuclease  \VI, i mg of lodoace ta te  (pH 5 o) and  g iven  
a m o u n t  of NaC1 Reac t ion  was carr ied  out  for I h a t  37 ~ Rlbonuc lease  a c t w l t y  was de t e rmined  
aga ins t  R N A  as subs t r a t e  

At alkalme pH region (more than pH 6.o), the reactivation became gradually 
low and at pH 8 5 nearly complete rabonuclease activity remained even after 2-h 
reaction with lodoacetate This does not mean that the carboxymethylation does not 
occur on the enzyme at all As is shown in the last figure (Fig 7), most of the reaction 
products at pH 8 5 had the ribonuclease activity, so at this pH value we could not 
follow the rate of the carboxymethylation by assaymg the rlbonuclease activity 

Effect of zome strength on the mactzvatzon of r, bonuclease W 1 by zodoacetate 
The reaction of lodoacetate with ribonuclease W1 was much influenced by the 

ionic strength of the reaction mixture As is shown in Fig 4, the inactivation by 

Bmchzm Btophys Acta, I 9 8  (197 o) 45-55 
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x()doacetate ha rd ly  occurred when the concent ra t ion  of NaC1 m the react ion mix ture  
wa~ over  o 2 M 

This result  indicates  t ha t  ionic mte r ac tmn  is an i m p o r t a n t  factor  fl)r the reac- 
turn of nbonuc lease  W 1 and iodoace ta te  

Effects of mononucleotzdes on the znachvahon 
I t  is ~e l l  known tha t  the maeUvat ion  of r lbonuclease A b y  a -ha loge n . a c e t a t e  

wa~ pro tec ted  by  the presence of py r lnudme  nueleo~lde 2 ' (3 ' ) -phosphate  in the  reac- 
t ion mix ture  a The s imilar  p ro tec t ion  only by  guanosine 2 ' (3 ' ) -phosphate  among four 
ma lo r  nbonucleos ide  2 ' (3 ' ) -phosphates  was observed agains t  the  m a c t w a t m n  of  nb()- 
nuclease T I b y  a-ha logenoaceta te l° ,  u 

We inves t iga ted  the effect of  var ious  nucleot ldes  on the Inat t lvat l ( )n  ()f r lbo- 
nuelease \Va by  iodoace ta te  The Table I indicates  tha t  7 I°o  and 7o°,, of  the reac t>  
vat i (m of nbonuc lease  W 1 b y  lodoace ta te  were p ro tec ted  by  u n d m e  and cv t ldme 
2 '(3 ' )-phospliate% respectl~ ely, which were added  to the reac tmn mix ture  m .i molar  
rat io  of  the  nucleotxdes to the enzvnie being 3 ~ On the o ther  hand,  the  protec t ion  
b y  adenosine and guanosme 2'(3 ')-ptio~phates were only 2 3 ° o  and ~2°o, re~pecnvelx 
The Table  I revolved  results  of the  ~ml la r  exper iments  for r lbonuclease A, ~hwh 
ent i re ly  resembled the case of r i b .nuc l ea t e  \V~ with respect  t(> the b a s e  ~peclfi~ltv ot 
nucleot lde used 

~1 A B L E  ] 

hFbECTS OF NUCLEOSIDF 2'(]')-PHOSPH~TE ON THk IN%CTIV%TION OI RIBONUCLk%%L \g I \%ITH 

IODO :~CET ~TL 

I ni l  o f  t h e  l l l cub&t lon  m i x t u r e  c o n t a i n e d  [ Ilia ot  r l t ) o n u e l c a s e  %r~'l, i i11~ ol  l o d o a c e t a t e ,  3 lllole 
e q m x  a l e n t s  of  nuc leo~ lde  2 ' ( 3 ' ) - p h o s p h a t e  ( a s s u m i n g  t h a t  t h e  n b o n u c l e a s e  \V 1 h a s  t h e  m o l e c u l a r  
x~mght of  15 OOO) a n d  5 ° [ imo les  of  h o d l u m  a c e t a t e  (pH 5 o) Fhe c o n t r o l  m p c t u r e  du l  n o t  c o n t a i n  
n u c l e o t l d e s  T h e  m i x t u r e  ~ a s  i n c u b a t e d  a t  37 ~ for ~ h Rf l )onuc leasc  actlx l t v  x~as c s t m m t e d  ~ l t h  
R N  k as  ~ u b s t r a t e  a t  p H  8 o 

Nuch'os~d~ P*otectwn (°'o) 
e'(y)-  
phosphate Rd)onuclease Rzbonucleas~ 

N o n e  
U p  
Cp 
&p 
Gp 

[I~ 4 

o o 

7 o O ,~3 o 

oo 4 7 8 7 
-'3 5 2 i  4 
22 4 17 o 

From the resul ts  t ha t  the  inac t iva t ion  of  the  r ibonuclease W I by  u ;doaceta te  
at  pH a round  5 was p ro tec ted  more  effectively b y  pyramldme nucleot ldes  than  by  
purine nucleot ldes ,  it  m a y  be concluded t ha t  the  ca rboxymethy la taon  occurred at 
the  aenve  site of  rIbonuclease W~ 

Cohtmn chromatography of the products obtatned t;v the reachon at pH 5 o 
Column chroInatograplnc  pat tern~ of react ion productq which were ob ta ined  

af ter  var ious  react ion tlme~ are shown m Figs 5 a, 5 b and 5 e 
The chromatograph ic  pa t te rn ,  uqing SE-Sephadex  C-25 of the  nux ture  ob ta ined  
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Fig 5 Column chromatographic pattern~ of the products obtained by reaction of iodoacetate 
with rlbonuclease W I at various reaction hme~ Ribonuclease Wj (9 ° nlg) yea% dissolved in 15 ml 
of o oz M acetate buffer (pH 5 o) and 45 mg of mdoacetic acid x~ere added to the solution The 
>olution was lnunediately a/tlu~ted to pH 5 o x~lth conc NaOH solutloi1 Reactmn x~aa carried 
out at 37 ~ for tlmc intervals of (a) 3 ° nun, (b) 6o nnn and (c) 30o mm At the end of each Interval, 
5-ml aliquots were x~ithdrawn and the reacUon was terminated by passing the mixture through 
a small column (o 9 cnl × IO cm) of Amberhte MB-3 to remove salts and unreacted iodoacetate 
"l he column uas x~a~hed with io ml of xxater and the effluents were combined and lyophflized 
"lhe lyophillsate ~as dissolved in 4 ml of o i M sodmm phosphate buffer (pH 6 5) and apphed 
on a bE-Sephadex C-25 column The chromatography was operated at room temperature at a 
flow rate of ~o ml/h and 4-ml fractions ~ere collected Q--Q,  protein (absorbance at zSo m/,), 
@-- /  , nbonuclease achvity, determined against RNA as ~ubstrate at pH 5 o (absorbance at 
2 6 o  m/t) 

a f t e r  30 m l n  o f  r e a c t i o n  (Fig 5a) i n d i c a t e d  the  a p p e a r a n c e  o f  a n e w  p ro t e in  p e a k  

(Peak  A) ]ubt a f t e r  t h e  or ig ina l  p e a k  o f r l b o n u c l e a s e  W 1 I t  was  f o u n d  t h a t  t h e  f r a c t i o n  

c o r r e s p o n d i n g  to  th i s  n e w  p e a k  d id  n o t  s h o w  a n y  r l bonuc l ea se  a c t i v i t y ,  t h u s  i t  was  

a s s u m e d  t h a t  t h i s  i n a c t i v e  p r o t e i n  was  a r l b o n u c l e a s e  W 1 mod i f i ed  w i t h  l o d o a c e t a t e  

A f t e r  60 m m  of  r eac t ion ,  a l m o s t  all n b o n u c l e a s e  \V1 was  c o n v e r t e d  in to  t h e  

p r o d u c t  c o r r e s p o n d i n g  to  P e a k  A T h e  F ig  5c, t he  p a t t e r n  o b t a i n e d  a f t e r  360 m m  of  

r e a c t i o n  showa t h a t  t h e  c o m p o u n d  c o n t a i n e d  in P e a k  A (Fig 5b) was  f u r t h e r  con-  

v e r t e d  in to  p r o d u c t s  (Peaks  B a n d  C) B o t h  o f  t h e s e  n e w  p r o d u c t s  d id  n o t  s h o w  a n y  

r l b o n u c l e a s e  a c U v i t y  

In  f u r t h e r  r e s ea r ch  on t h e  m o d i f i c a t i o n  o f  r i b o n u c l e a s e  ~ V  1 w i t h  l o d o a c e t a t e ,  

t h e  r e a c h o n  w i t h  E14C]lodoacetate was  p e r f o r m e d  a t  p H  5 o In  o r d e r  to  o b t a i n  t h e  

14C-labeled p r o d u c t  c o r r e s p o n d i n g  to  P e a k  A in t h e  F ig  5a, t he  r e a c t i o n  was  ca r rmd  
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Fig 6 Column c h r o m a t o g r a p h y  of 14C-carboxymethyla ted  r lbonuclea~e \V 1 Rlbonuclease  
(z4o mg) was dissolved in 36 ml of wa te r  and  12o mg of I14C ] lodoaceta te  (o o33/ iC/m~) were added  
to th i s  so lu t ion  The solut ion was a d l u s t e d  l m m e d m t e l y  to pH 5 o x~th 2 M N a O H  and i n c u b a t e d  
a t  37 ° for 9o mln  The reac t ion  was t e r m i n a t e d  by  pass ing  the  ~olutlon t h rough  an A m b e r h t e  
MB- 3 co lumn (i 2 cm / 15 cin) "lhe effluent ~ a s  lyophlhzed  and the l~ophlh~ate  ~ a s  dl~solved 
m io  ml of o i M sodium phospha t e  buffer (pH 6 5) The so lu tmn was apphed  on a SE-Sephadex  
C-25 co lumn (2 5 cm × 35 cm) as descr ibed m MATERIALS AND METHODS The e lu t lon  was per- 
formed by  the  same procedure  as shown in Fig 5 Flow ra te  ~ a s  25 ml/h,  and  io -ml  f rac t ions  
were col lected Rlbonuc lease  act l~t t?  was de t e rmined  agmns t  R N A  as subs t r a t e  a t  pH  5 o O---O, 
p ro te in  (absorbance a t  28o mp), C ' - -~ ,  nbonuc lease  a c t i v i t y  de t e rmined  agamqt  R N A  aq ~ub- 
s t r a t e  (absorbance a t  26o m/t) I k - - l k ,  r a d i o a c t i v i t y  (coun ts /mm per  ml) 

out for I 5 h according to Condmon (b) (see MATERIALS AND METHODS), x~hlch gave 
Peak A as a major product In this case, at the end of the reaction time more than 
95% of the original enzymatic activity disappeared 

As is seen m Fig 6, one major and two minor radioactive components could 
be separated by chromatography using SE-Sephadex C-25 column the peaks cor- 
responding to the Peak A, B and C in Fig 5 

The major component, the combined fractions m Tubes 89-q5 revealed approx 
75% of the total absorbance at 280 m# of the original sample loaded and has no 
enzymatic activity when tested with RNA as substrate The elutlon position of peak 
of radioactivity and that of protein (A2s 0 m.) were entirely the same and each 
fraction in Tubes 89-95 had the same specific radioactivity 965 ± 32 counts/rain 
per mg of protein The analysis indicated that the radioactive product in Peak A 
contained o 9 mole carboxymethyl group per I mole of nbonuclease W 1 based on the 
assumed molecular weight of 15 ooo of the enzyme 

As was described above, the two peaks each corresponding to Tubeb 5-9 and 
69-81, respectively, were thought to be the secondary reaction products The peak 
corresponding to Tubes 69-81 had 2-fold specific activity of that of the major peak 
This indicated that the product in this peak contained 2 moles of carboxymeth)l 
group incorporated to i mole of rlbonuclease W 1 The first peak corresponding to 
Tubes 5-9 showed a 3 8-fold specific activity of the major peak, and it was shown 
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F~g 7 Column chromatography  of the reaction products  of rlbonuclease W~ ~ t h  mdoacetate  at 
p H  8 5 Reaction was carried out  u~mg the Condmon (c) in MATERIALS AND MEXHODS Specific 
ac t lw ty  of [14Cliodoacetate was o z pC/mg Procedure~ for te rminat ing  the reaction and column 
ch romatography  x~ere as given in Fig 5 0 - - 0 ,  protein (absorbance at z8o ml~), Q~--~D, r ibonn- 
clease act ivi ty determined against RNA as subs t ra te  (absorbance at 26o in/i ) , ~ - - ~ ,  radioactlx lty 
(counts/rain per  ml) 

that the product in this fraction had 4 moles of carboxymethyl group incorporated 
into I mole of rlbonuclease Wl, on an average 

Column chromatographic separation of the products obtazned after reactwn at pH 8 5 
The rlbonuclease W1 dissolved In o o5 M TrIs-HC1 (pH 8 5) at o 67% concen- 

tration was reacted with lodoacetate, which was added to the solution to o o67% 
concentration, at 37 ° for 15 h 

The reaction condition was arranged to involve a low concentration of the 
reagent and a longer interval of the reaction time m order to minimize the over- 
carboxymethylatlon Fig 7 shows the pattern of chromatographic separation on 
SE-Sephadex C-25 of the products obtained after reaction at pH 8 5 The chromato- 
gram in Fig 7 chffers markedly from that of Fig 6, indicating that the reaction of 
iodoacetate at pH 8 5 is quite complicated in contrast to that at pH 5 o At least 
seven peaks (I-VI and VIII)  having enzymatic activity and five radioactive peaks 
(I, II, VI, VII  and IX) were separable by this chromatography 

Peak VI I I  seemed to lack the radioactivity and its elutlon position was iden- 
tical with that of rlbonuclease W i which had been observed in a separate experiment 
using the same column Therefore, Peak VI I I  must be that of the native rlbonuclease 
W 1 Peak VII  which was eluted lust before ribonuclease WI had no or little, if any, 
enzvmatm activity but a remarkable radioactivity 

HEINRIKSON demonstrated that the ma}or product of the reaction of ribonu- 
clease A with bromoacetate at pH 8 5 was an inactive modified rIbonuclease A, which 
was produced by carboxymethylatlon at the e-amino group of lysine 41 (ref 9) 
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Therefore, in our case also, there  is a possibili ty tha t  Peak  VI I  corresponded to a 
niod~fied nbonuc lease  \V~ produced by" c a r b o x y m e t h y l a t m n  at  pH 8 5 of some amln(> 
acids involved m the act ive , l te  

A~ > sli()~n m lqg 7, specific ac t iv i ty  (counts/ inln per mg of protein) of the 
products  correN~ondlng to each peak was f aMy constant ,  except  for Peaks  I and V I I I  
l 'ur thernaore,  the ~pecific ac t l \ ' l t v  of the peak>, except  Peaks  I and VI I I ,  ind ica ted  
tha t  about  e m()le~ of c a r b o x y m e t h y l  group were in t roduced  into r tbonuclease \ V  1 

DIS(  Us 'SON 

The inac t iva t ion  of bovine pancrea t ic  nbonuclease  b 3 u>doa( e ta te  was first 
r epor ted  by  ZITrLE-' A t  tha t  t ime,  as t i le absence of  sulflD'dryl groups in tlu~ enzyme 
had not  vet  been establl>hed, he r e>In te rp re ted  tha t  the lodoace ta te  reac ted  \~lth 
tile sn l l hvd r \ l  groups m the r ibonuclease But  the results  of  the  more de ta i led  stu- 
dies 2 " on tile mactix a t lon using purified r lbonuclease A by (z-halogenoacetate,  \~hlch 
have been ob ta ined  111 the pas t  decade,  ind ica ted  t ha t  the mode of the mact lva tu)n  
wa~ influenced bv  the condltu)ns under  which the reac tmn was carried out  Thus, m 
an acldw medium,  i()doacetate reac ted  exclusively with sulfur of t i le ine th lonme 
residues of the enzyme,  while at  neu t ra l  or shght ly  acidic p H  region, a r ap id  specific 
c a r b o x y m e t h y l a t l o n  on the nnldazole  groups of two lus t ldme rebldues lead to the  
r eac t iva t ion  of  tile enzyine, bu t  even under  this  eondl tum a hmger contac t  of  the 
reagent  resul ted m the c a r b o x y m e t h y l a t u m  of  o ther  amino acid residues such a~ 
niethlonine and ly~ine At  a lkahne pH,  an extenaIve modif icat ion occurred on several 
amino acid residues revolving lysme and meth ionme 

I t  haa been repor ted  tha t  tile amino acid residues ~ tneh  were speclhcal ly  
c a r b o x y m e t h \ l a t e d  b \  ieact ion of  c~-hah)genoacetate at  p H  approx  5 z e I2 th  and 
H 9 t h  h > t l d m e  residues in pyrnnid lne  nuc leohde  specific r ibonuclease AT, s and  58th 
g lu tamlc  acid re>ldue in guanyl ie  acid spemfic rIbonuclease T 1 (ref IO), were mx olved 
m the act ive ~ite~ of  the respect ive enzymes because tile previous addi t ion  of the 
subs t ra te  analogs,  py rnmdlne  nueleoslde 3 ' -phospha te  and guanoslne 3 ' -phospha te  
t() nbonuc lease  A and r lbonuclease T1, r e speeh~e l \ ,  mlnb l ted  the~e ca rboxymethy  1- 
a t lons  

These result~ suggested tha t  the  app l ica t ion  of  c~-halogenoacetate under  the 
s imilar  specific condi t ions on other  r lbonuclea,e> should provide  some u>eful mfor-  
matlon~ on the amino acid residues in the act ive s i te ,  of these enzymes 

Tile above-descr ibed  chemical  modif icat ion was apphed  to the whale pancreatI(  
rIbonuclease,  nbonuclease  \V 1 (ref I3) This r lbonuclease seemed t() be one of the 
sui table  mater ia l s  for flus kind of research because the pure rzbonuclease \V 1 x~ a~ easily 
ob ta ined  in good vleld and found to be a smlple prote in  which did not  conta in  sugar 
moie ty  hke porcine pancrea t ic  r ibonuclease ~" Fur the rmore ,  there  wa> another  intere*t 
In nbonuc lease  V~rl, t ha t  is, the  aInlno acid comt)osi tum of  t ins enzyine is cons lderab l \  
different  from tha t  of r l bonudease  A (T YAMaDA AND T UKma, unpubl i shed  data)  
though lt~ ~ubstrate  specificity is s innlar  to nbonuclease  A 

The op tnna l  p H  for the mac t iva tu )n  by  lodoace ta te  of  r lbonuclease \~T 1 w a s  at 
p H  5 o 5 7, which was snmlar  to the case~ of r lbonuclease A and r lbonuclease T 1 The 
main  p roduc t  (Peak A) of the  react ion at  p H  5 o, x~tnch was sepa ra t ed  by  chromat()-  
g r aphy  on SE-Sephadex  C-e5 (l~'lg 6), p ~se~sed one mole of c a r b o x y m e t h y l  group per  
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one mole of the enzyme and no enzymatic activity Th~s result should support that 
the carboxymethylated amino acid residue ~as  revolved an the achve s~te of tha~ 
enzyme The determination of the residue is now m progress 

We investigated the reactmn of mdoacetate wath rlbonuclease W~ at pH 8 5 
In th~s case, m order to avoid the over-carboxymethylatlon, the ratm m amount m 
~elght of mdoacetate to nbonuclease W 1 ,~as reduced to I IO and the reaction tmae 
was prolonged to 15 h As shown an Fig 7, the product~ were ~eparated into at least 
eigt~t peaks by SE-Sephadex C-25 column chronmtography The radmactlve Peak 
VII,  which appeared lust before the natave rtbonuclea~e \\'~ (Peak VIII)  revealed 
low enzymatic activity Therefi)re, ~t 1~ interesting to determine the carboxymethyl- 
ated amino acid residue m the product corresponding to Peak VII The further de- 
tailed study on the carboxymethylated nbonuclease \\;~ which showed enzymatm 
act~vltle~ in Fig 7 ahould give uaeful mformat~on~ on the tertiary structure of r~bo- 
nuclease \ V  1 
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