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acidic pH,  while t he  curve a t  the  alkaline p H  remains  
unal tered.  This  is exac t ly  w h a t  h a p p e n s  in the  hae-  
molysa tes  of Pe ruv ian  Ind ians  2 and in d iabet ic  pa t i en t s  3. 
This  fact  s t rong ly  suppor t s  t he  idea t h a t  the  factor(s) 
p resen t  in tile haemolysa te s  of the  Pe ruv ian  Ind ians  
and in d iabet ic  pa t i en t s  is the  same or similar  to  t h a t  
effect ive in p roduc ing  the  acc l imat i sa t ion  in cold- 
blooded animals .  

The e n h a n c e m e n t  in the  Bohr  effect  should increase 
t he  release of t he  oxygen  to  the  t issues;  a t  least  in 
poik i lo te rms  animals  th is  fac tor  should be of p r i m a r y  
adap t ive  value. 

i?iassunto. In  emol izzat i  di Tr i tone  (Triton cristatus) e 
di pesce rosso (Carassius auratus) si 6 d i m o s t r a t a  la 
p resenza  di un fa t to re  d i f ferente  dai  fosfat i  organici  che 
inf luenza l ' e f fe t to  ]3ohr modi f icando  l 'a f f in i t5  de l l ' t I b  
per  l 'ossigeno a pt-I acido. I1 fa t to re  ~ specie aspecifico e 
inf luenza anche l ' e f fe t to  Bohr  delia H b  umana .  
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Studies  on the Quaternary  Structure  of the First  

The resul ts  of several  s tudies  suggest  t h a t  the  feedback  
sensi t ive  f i rs t  enzyme  of a b iosyn the t i c  operon is involved 
in repress ion ~-5. In  Salmonella typhimurium the  involve-  
m e n t  of the  f i rs t  enzyme  for h is t id ine  b iosynthes i s  (G en- 
zyme) 6, in regula t ion of the  operon  2, ~ is well documented .  
Genet ic  s tudies  in t he  his sys t em of E.  colt K12 by  
GARRICK-SILVERSMITH and  I~IARTMAN 7 and GOLDSCHMIDT 
et  al. 3 show the  grea t  s imi l a r i ty  be tween  the  2 operons  of 
these  2 organisms.  

Studies  w i th  E. colt have  been carr ied out  in the  p resen t  
work  wi th  the  a im of deal ing wi th  a s l ight ly  d i f fe rent  
sys t em to which  the  f indings  of AMES, HARTMAN and  
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Fig. 1. Elution patterns in the absence of histidine (1A) and in the 
presence of 0.4 mM histidine (1B). (---�9 A2s0; ---O---, specific 
activity in arbitrary units). The standard proteins were : Cytochrome 
C, tool. wt. 13500; Chymotrypsinogen A, 25000; Ovalbumin, 45000; 
Bovine serum albumin, 67000; Aldolase, 147000; Catalase, 240000; 
and Ferritin, 540000. 

E n z y m e  for Hist idine B iosynthes i s  

GOLDBERGER 9 in Salmonella could be applicable.  We 
have  pur i f ied  the  G enzyme from E. colt K12 and repor t  
here the  resul ts  of Sephadex  G-200 gel f i l t ra t ion  experi-  
m e n t s  of associa t ion-dissocia t ion wi th  subs t ra tes  and 
l igands,  corre la t ing the  q u a t e r n a r y  s t ruc tu re  of t he  
enzyme wi th  its regu la tory  role in the  his operon.  

Materials and methods. The source of the  enzyme  was a 
regula tory  mu t an t ,  OAl11,  30-fold derepressed,  ob ta ined  
by  e thy l  me thanesu l fona t e  mutagenes i s  l~ in s t ra in  
JC5459 (F -  t r p -  t h i -  lac74 s tr  r, f rom CLARK'S collec- 
t i o n n ) ,  and  selected by  its res is tance  to  triazolalanine~2. 
The m u t a n t  was grown wi th  aera t ion  in a New Brunswick  
gy ro to ry  shaker  a t  37 ~ and the  pel le ted  cells were kep t  
frozen. 

The pur i f ica t ion  procedure ,  fol lowing the  m e t h o d  of 
WHITFIELD 13, is based on the  solubi l i ty  changes  in 
(NH4)2SO 4 of the  enzyme in presence  or absence of hist i-  
dine ~. Using acid p rec ip i ta t ions  (S. M. PARSONS, personal  
communica t ion) ,  abou t  90% of t he  enzyme  prec ip i t a t ed  
wi th  1 m M  his t id ine  a t  p H  5.1. The enzyme was pur i f ied  
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more  t h a n  100-fold and  t he  e n z y m a t i c  a c t i v i t y  d e t e r m i n e d  
accord ing  to  MARTIN e t  al. ~5 

Ca l ib ra t ion  p ro t e ins  were o b t a i n e d  f rom Boehr inge r  
M a n h e i m ;  DL-1,2 ,4- t r iazola lanine,  f rom Cyclo; T r i z m a  
base,  e thy l  m e t h a n e s u l f o n a t e ,  phos pho r i bos y l  pyro-  
p h o s p h a t e  (PRPP) ,  A M P  and  ATP ,  were S igma  produc t s .  
I n  all t h e  exper imen t s ,  t he  sample  was p rev ious ly  
r e suspended  in t he  e lu t ion  buffer .  

Resu l t s  and  d i scuss ion .  Column e x p e r i m e n t s  a t  2~ 
A S e p h a d e x  G-200 c o l u m n  (15 • 900 m m )  was equ i l i b r a t ed  
w i t h  0.1 M T r i s  - HC1 buffer ,  p H  8.0, c o n t a i n i n g  0.1 M 
NaC1, 0.5 m M  E D T A  a n d  2.8 m M  2-mercap toe thano l ,  
w i t h  a flow r a t e  of 7 m l / h  (Void volume,  50.5 ml). The  
e lu t ion  p a t t e r n  o b t a i n e d  is shown  in F igure  1A. A l t h o u g h  
in t h e  las t  pu r i f i ca t ion  s tep  on  S e p h a d e x  G-200 t h e  
f rac t ions  pooled were r e t a r d e d  in t he  gel (tool. wt.  of 
a b o u t  140,000), howeve r  in al l  t h e  e x p e r i m e n t s  r epo r t ed  
here  a p p r o x i m a t e l y  25~/o of t he  p r o t e i n  is exc luded ;  as i t  
will be  seen later ,  t h i s  f r ac t ion  cor responds  to  i nac t ive  
aggrega te  e n z y m e  w i t h  a mol.  wt.  b igger  t h a n  300,000 
(exclusion l imi t  of t h e  gel). T he  ac t ive  G e n z y m e  is e lu ted  
a t  a pos i t ion  t h a t  cor responds  to  a tool. wt.  of 68,000, 
w i t h o u t  lower species. I n  S a l m o n e l l a  t y p h i m u r i u m l S ,  1~ 
t h e  e n z y m e  ( ' s tab i l i zed '  by  h is t id ine)  is composed  of 
6 s u b u n i t s  of 36,000 da l tons ,  a n d  on  E.  coli KLUNGSOYR 
a n d  ~52RYVI17 r e p o r t  s imi la r  resul ts .  Therefore ,  t he  p e a k  
cons idered  would  co r respond  to  a d imer .  

The  same e x p e r i m e n t  in  t h e  p resence  of 0.4 m M  
h i s t id ine  is r ep re sen t ed  in F igure  lB .  The  a c t i v i t y  
coincides w i t h  a size of 138,000 ( te t ramer) .  

Co lumn  e x p e r i m e n t s  a t  r oom t e m p e r a t u r e  (ca. 20~ 
W h e n  ca r ry ing  ou t  t he  e x p e r i m e n t s  a t  room t e m p e r a t u r e ,  
t he  e n z y m e  loses a g rea t  p a r t  of i t s  ac t iv i ty ,  b u t  no t  t he  
ab i l i t y  to  associa te  ( the assoc ia t ion  processes  would  be  
e n b a n c e d ~ ) .  A co lumn  ( 9 •  ram) was equ i l i b r a t ed  
w i t h  basa l  buf fer  (0.1 M Tr i s -HC1 ,  pFI 8.0, c o n t a i n i n g  
2.8 m M  2-mercap toe thano l ) ,  a n d  t h e  flow r a t e  was  
6.5 ml /h .  

F igure  2 A p re sen t s  t he  e ln t ion  p a t t e r n  in  t he  absence  
of h i s t i d ine :  t h e  f r ac t ion  supe ragg rega t ed  appea r s  in  t he  
vo id  v o l u m e  (8.5 ml) ; t h e  second p e a k  shows a mol .wt ,  of 
135,000 ; however ,  t he  m a i n  f r ac t i on  of t he  p r o t e i n  b e h a v e s  
as a d imer  (67,000 da l tons) ,  i.e. in t he  absence  of any  
l igands  t he  d i m e r - t e t r a m e r  equ i l i b r ium is d isp laced  to  
t he  former.  I n  F igure  2 B  t h e  same  e x p e r i m e n t  w i t h  
0.4 m M  h i s t id ine  is shown:  t he  m a i n  p e a k  ha s  a size of 
205,000-210,000 (hexamer) ,  a n d  a m i n o r  t e t r a m e r i c  
species also appears .  There  is n e i t h e r  d imer ,  no r  monomer .  
As we shal l  see l a t e r  in  t he  effect  of p h o s p h o r i b o s y l  

�9 p y r o p h o s p h a t e  ( P R P P ) ,  t he  more  ac t ive  fo rm is t h e  
d i saggrega ted  enzyme ;  t he  h i s t i d ine  effects a d r a i n  of 
d i ssoc ia ted  species, w i t h  s u b s e q u e n t  decrease  of ac t iv i ty .  

The  s u b s t r a t e  P R P P  (Figure  2C) reverses  t o t a l l y  t he  
h i s t id ine  effect, t h u s  g iv ing  a p a t t e r n  s imi la r  to  F igure  
2 A. I t  should  be  no t i ced  t h a t  t he  exc luded  h i g h l y  associ- 
a t ed  e n z y m e  is n o t  sens i t ive  to  dissociat ion.  The  P R P P  is 
in  t he  c o n c e n t r a t i o n  used in t he  in v i t r o  assay ;  we are  
the re fo re  m e a s u r i n g  t he  a c t i v i t y  of t he  d imer ,  i.e. t h e  
d imer  is t h e  ac t ive  species ' p a r  excel lence ' .  More 
e x p e r i m e n t s  are  r equ i red  to  e s t ab l i sh  t h e  degree of 
d i ssoc ia t ion  w i t h  di.fferent c o n c e n t r a t i o n s  of P R P P .  

15 R. G. MARTIN, M. A. BERBERIClt, B. N. AMES, W. W. DAVIS, 
R. F. GOLDBERGER and J. D. YOURNO, in Methods in Enzymology. 
(Eds. H. TABOR and C. W. TABOR; Academic Press, New York 
1971), vol. 17B, p. 3. 
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Fig. 2. A) Elution with basal buffer. B) ldem basal plus 0.4 mM 
histidine. C) Idem basal plus 0.4 mM histidine and 0.6 mM PRPP. 
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buffer plus 20 hiM 2-thiazolalanine (50 times less effective in 
feedback inhibition than histidine19). 
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The A T P  (Figure 3A) also associates the  enzyme,  
a l though  no t  so h igh ly  and  surely no t  so specifical ly as 
his t idine.  This effect, con t r a ry  to  t h a t  of the  P R P P ,  is 
ha rd  to explain  if A T P  b inds  only  a t  the  ca ta ly t ic  center ;  
therefore  ano the r  site(s) (allosteric) for A T P  would  be 
required,  as IZLUNGSOVR and  KRYVI~7 have  pos tu la ted .  
This f inding is also in ag reemen t  w i th  t he  IZRYVI and  
KLUNGSO'ZR kinet ic  da t a  ~s referr ing to A T P  inh ib i t ion  a t  
h igh  concent ra t io~s .  

In  Figure  3 B i t  is clearly d isp layed  t h a t  2- thiazolalanine 
(also a feedback  inhibi tor) ,  associates the  p ro te in  no t  so 
eff ic ient ly as h i s t id ine  does;  th is  fact  agrees wi th  our  
th iazola lanine  s tudies  in vivo, in which  the  wild t ype  is 
more  res i s t an t  to th is  inh ib i to r  t h a n  o ther  E. coli K12 
s t ra ins  and S. typhimurium LT 2. 

In  t he  e lut ion of a dena tu red  sample  ( lyophil ized and 
s tored  for one m o n t h  a t  --15~ wi th  only  5% of the  
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init ial  ac t iv i ty  (exper iment  no t  shown),  near ly  all the  
p ro te in  is excluded,  and  there  are smal l  amo u n t s  of 
h e x a m e r  and  t e t r a m e r  t h a t  could be responsib le  for the  
residual  ac t iv i ty  elicited by  dissociat ion by  the  P R P P .  I t  
is conceivable  t h a t  revers ible  t e t r a m e r  and h e x a m e r  
fo rmat ion  are i n t e rmed ia t e  s teps  towards  i r reversible  
high order  polymer iza t ion .  

Kine t ic  da t a  of derepress ion of the  h is t id ine  operon  
(unpubl ished exper iments )  po in t  towards  a posi t ive  
control  for the  f i rs t  enzyme.  We are working  on a b iosynthe-  
t ic model  of regulat ion,  of the  JACOB-MONOD type,  
in which  the  associa t ion-dissocia t ion processes r epor ted  
in th is  pape r  p lay  a cent ra l  role 20 

Resumen. Se han  real izado estudios  de asociaci6n- 
disociaci6n por  f i l t racidn en gel con el p r imer  enz ima de la 
biosintesis  de h i s t id ina  en Escherichia coli, en presencia  
de sus t ra tos  y l igandos.  Se observa  una  in te rconvers idn  
revers ible  ent re  las formas  dfmero,  t e t r s  y exSmero,  
y nna  agregacidn i rreversible  de orden superior.  
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R N a s e  Act iv i t ies  in Blood S e r u m  of Several  Vertebrates  

The presence  of Ribonuclease  in the  se rum of several  
animals  has been repor ted  ~-5. P rob lems  of like the  origin 
and  biological func t ion  of these  se rmn enzymes  were ap- 
p roached  by  some authors ,  bu t  t h e y  remain  controvers ia l .  
Origin of serum RNase  has been accepted  to  be pancrea-  
t ic a, b u t  no d i rec t  evidence was ever  repor ted .  On the  
cont rary ,  the  hypo thes i s  t h a t  the  pancreas  is the  exclusive 
source of se rum 1RNase was no t  sus ta ined  by  pancrea tec -  
t o lny  expe r imen t s  7. 

W h a t e v e r  the  uncer ta in t ies  in th is  field, th is  p ro te in  
proves  to be ve ry  useful for ph i logenet ic  s tudies ,  as 

Total serum protein in vertebrates 

Total protein a 
(mg/ml serum) 

Ox (Bos taurus) 74.4 
Hamster (Mesocricetus auratus) 63.7 
Goat ( Capra hireus) 80.5 
Rat ( Rattus norvegieus) 71.4 
Sheep (Ovis aries) 61.4 
Guinea-pig (Carla poreellus) 50.0 
Horse (Equus eaballus) 72.8 
Pig (Sus scro/a) 81.1 
Chicken (Gallus domesticus) 43.1 
Cat (Fells catus) 72.2 
Pigeon ( Columba livia) 27.6 
Rabbit (Oryctolagus cuniculus) 60.7 
Dog (Canis/amiliaris) 60.7 
Mouse (Mus musculus) 69.9 
Human 86.0 

a IV[ean values of at least 3 different samples. 

recent ly  emphas i sed  by  BARNARD s,9 who d e m o n s t r a t e d  
the  exis tence of th ree  wel l -def ined classes among  the  
ve r t eb ra t e s  as concerns  RNase  co n t en t  of t he  pancreas .  
As similari t ies  be tween  pancrea t ic  and  seric 1RNase have  
been p roved  to  exis t  in d i f ferent  an imal  species 5, a 
compara t i ve  s t u d y  of se rum RNase  act ivi t ies  in several  
ve r t eb ra t e s  has been u n d e r t a k e n  in the  p re sen t  inves t i -  
gat ion.  

Rep re sen t a t i ve  species of the  3 groups classified by  
BARNARD were chosen for our purpose.  A m o n g  those  
wi th  ve ry  h igh  pancrea t i c  RNase  act ivi t ies  - 200 to 
1,200 ag/g of pancrea t i c  t issue (group A) - we have  
s tud ied  ox, hams te r ,  goat,  rat ,  sheep and guinea-pig.  
Belonging to the  group wi th  a ve ry  low co n t en t  of 
pancrea t i c  nucleasic ac t iv i ty  - 0 to  20 p.g per  g (group C) - 
we s tud ied  cat,  pigeon, rabbi t ,  dog and  h u m a n  sera. 
Other  species included in th is  s tudy,  horse, pig and  
chicken, belong to the  i n t e r m e d i a r y  group, the  group B, 
in BARNARD'S classification.  

Materials and melhods. Blood samples  f rom ox, sheep, 
goat, pig and horse were ob ta ined  f rom the  s laughter-  
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