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A F a c t o r  W h i c h  R e g u l a t e s  B o h r  Effect  in  P o i k i l o t e r m s  A n i m a l s  and M a n  

The aim of the  p resen t  research  is to show t h a t  there  is 
in various groups of ve r t eb ra t e s  a fac tor  which  specifically 
regulates  the  Bohr  effect,  d i f ferent  f rom the  wel l -known 
sys t em based on organic phospha t e s  *, and t h a t  i t  has  
an adap t ive  value. Several  s tudies  =-a show the  exis tence 
of a new effector(s) of the  haemoglob in  (Hb) molecule;  
in research  carr ied out  by  us on the  Pe ruv ian  Ind ians  -" 
and  on the  Nepalese  SherpasS  and in t he  work  of LEN- 
~ANr ~, there  is a s t rong  suggest ion t h a t  the  effector(s) 
has  an adap t ive  value. 

Material and methods. In  the  p resen t  research Gold- 
fishes (Carassius auratus) and Newts  (Triton cristatus) 
were used as expe r imen ta l  animals.  In  these  2 species we 
s tud ied  the  oxygen  dissociat ion curves of the  haemolysa te s  
of animals  raised at  d i f ferent  t e m p e r a t u r e s  for a m i n i m u m  
of I mon th .  Oxygen  dissociat ion curves were de t e rmined  
at  d i f ferent  p H ' s  and  t e m p e r a t u r e s  in 0.1 2VI p h o s p h a t e  
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Fig. 1. Oxygen Bohr effect for Goldfishes haemolysates: a) a~ter 
acclimatization to 4~ b) after acclimatization to 21~ c) after 
acclimatization to 37 ~ In all cases acclimatization lasted 1 month. 
d) after filtration through Sephadex G25 Phosphate buffer 0.1 M. 
�9 determined at 37~ D, At 21~ 0, At 4~ 
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Fig. 2. Effect of ATP on the Paa (partial pressure of oxygen required 
for half-saturation of haemoglobin) on haemolysates of Goldfishes 
filtered through Sephadex G 25. Phosphate buffer 0.1 M, Temperature 
4~ O pH 7.4 0, pH 6.8. 

buffer  wi th  a spec t ropho tome t r i c  m e t h o d  as prev ious ly  
descr ibed ~, s. 

The haemolysa te s  oi t he  fishes and newts  were ex- 
anained by  e lect rophoresis  in s ta rch  gel a t  p H  8.5 ac- 
cording to GOLDBERGg; 24 Goldfishes, in 3 groups,  raised 
respec t ive ly  a t  4 ~ 21 ~ and 37~ showed a single H b  
band.  5 haemolysa te s  of fishes raised at  21 ~ were also 
examined  by  e lect rophoresis  in polyacr i lamide  gel w i th  
a d iscont inuous  buffer  sys tem according to  ORNSTEIN 1~ 
and  DAVIS 11 wi th  the  same result .  In  the  Newts  a genetic 
po l imorph i sm of the  H b  x= is p resen t ;  only the  Newts  
wi th  a single 's low'  band  were used; All t he  haemolysa te s  
were tes ted  a t  t he  beginning  and  at  the  end of the  
e x p e r i m e n t  for the  presence  of me t h aemo g l o b i n :  the  
da t a  refer only  to haemolysa te s  in which  no appreciable  
a m o u n t  of me thaemog lob in  was de tec ted .  A T P  concen-  
t r a t ion  has been measured  wi th  the  enz imat ic  tes t  of t he  
Biochemia.  

Results and discussion. Figure 1 (a, b, c) shows the  
var ia t ion  of t he  oxygen aff in i ty  of the  haemolysa tes  of 
Goldfishes depend ing  on the  t e m p e r a t u r e  of accl imat i-  
sa t ion of the  fishes. The da t a  are expressed as var ia t ion  
of logPso (part ial  pressure  of oxygen  requi red  for half  
sa tu ra t ion  of Hb) a t  d i f ferent  p H ' s  and t empera tu res .  
The Figure l(d) shows the  same p a r a m e t e r s  on haemo-  
lysates  f i l tered t h ro u g h  a co lumn of Sephadex  G25 
(s t r ipped haemoglobin) .  The oxygen  af f in i ty  of the  
s t r ipped  haemoglob in  is i n d e p e n d e n t  of the  t e m p e r a t u r e  
of accl imat isa t ion.  The changes  p roduced  by  accli- 
ma t i s a t ion  in the  Newts  were a l ready  repor ted  7 and lead 
to t he  same conclusion,  i.e. t h a t  following acc l imat isa t ion  
a c h a n g e m e n t  of the  oxygen  af f in i ty  curves occurs 
w i thou t  a c h a n g e m e n t  of the  H b  molecule. Because all 
the  oxygen  af f in i ty  curves were de t e rmined  in 0.1 M 
p h o s p h a t e  buffer,  it  is a priori  unl ikely t h a t  t he  effector  
of the  H b  molecule is an organic phospha te .  Actua l ly  
organic phospha t e s  a t  least  on h u m a n  Hb,  are prac t ica l ly  
ineffect ive in H b  solut ions w i th  high ionic s t r en g t h  13. 
We added  however  increasing concent ra t ions ,  of A T P  to  
s t r ipped  haemoglob in  of Goldfishes. The resul ts  are 
shown in Figure  2. I t  is ev iden t  t h a t  A T P  in physiological  
range is comple te ly  ineffective.  In  Goldfishes the  A T P / H b  
rat io  is be tween  1 and 2.3 (Table). The s i tua t ion  is 
s l ight ly  d i f ferent  in t he  Newts ,  because in t he  haemoly-  
sates of these  animals  A T P  a t  h igh concen t ra t ion  is still  
effective in 0.1 M buffer.  The A T P / H b  ratio,  which  is 
necessary  to have  a nul Bohr  effect, is a round  3. However ,  
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No. of animals ATP/Hb Temperature of acelimatisation (~ Acclimatisation time 

Goldfishes 

4 1.536 4- 0.153 a 21 -- 
3 1.663 ~ 0.016 4 96 h 
2 1.547 ~ 0.039 4 168 h 
2 2.035 ~= 0.275 4 216 h 
3 1.346 ~ 0.043 4 2 months 
2 1.630 ~z 0.007 34 20 h 
2 1.326 ~- 0.076 34 96 h 
3 1.230 ~ 0.180 37 2 months 

Newts 

4 0.53 ~ 0.09 21 1 month 
6 0.53:1= 0.08 4 1 month 
5 pooled 0.38 21 2 months 

12 pooled 0.16 4 2 months 

a standard error of the mean 

also in th is  case, A T P  is no t  responsible  for t he  pheno-  
m e n a  of adap ta t ion ,  because the  A T P / H b  rat io  does no t  
exceed 0.5 (Table) Bo th  in fishes and in the  urodeles,  
A T P  is the  main  organic p h o s p h a t e  in t he  blood 1~. The 
hypo thes i s  t h a t  the  a d a p t a t i o n  p h e n o m e n a  observed are 
caused by  organic phospha t e s  is therefore  ruled out.  This  
does no t  means  t h a t  organic phospha t e s  do no t  p lay  any  
role in the  a d a p t a t i o n  of these  animals .  In  0.01 M 
p h o s p h a t e  buffer  a t  p H  6.8 s t r ipped  haemoglob in  of 
Goldfishes is sensi t ive to  ATP.  

The exper imen t s  repor ted  unequivocal ly  lead to  the  
conclusion t h a t  b o t h  in the  Goldfishes and in the  Newts  
a new factor(s) exis ts  which  is capable  of modi fy ing  the  
oxygen  aff in i ty  of t he  Hb.  We have  therefore  t es ted  
whe the r  th is  factor  is species specific or not .  Haemolysa te s  
of Goldfishes and of Newts  were m a d e  free of H b  t h rou g h  
Amicon  XM 50 fil ters or p rec i ta t ing  the  pro te ins  wi th  
percloric a c i d .  The H b  free haemolysa te s  were t h e n .  

added  to the  s t r ipped  H b  of Newts  in 0.1 M p h o s p h a t e  
buffer  and  the  add i t ion  of t he  f i l t ra te  p roduced  the  
invers ion of the  Bohr  effect  a t  4~ Bohr  effect  on 
s t r ipped  H b  is nega t ive  in N ew t s L  The same add i t ion  
to s t r ipped  H b  of Goldfishes produces  t he  effect  shown 
in Figure  3, sh i f t ing  towards  the  r igh t  the  curve at  the  
acidic pH.  In  b o t h  cases the  change  in the  oxygen  
aff in i ty  s imula te  t h a t  p roduced  by  the  accl imat isa t ion.  
The same t y p e  of e x p e r i m e n t  was r epea ted  ut i l iz ing 
H u m a n  s t r ipped  H b  and  Hb-f ree  haemolysa tes  of fishes. 
A T P  was previous ly  added  to t he  h u m a n  haemolysa t e s  
to have  an A T P / H b  rat io  10/1 to be sure t h a t  the  effects 
canno t  be due to  organic p h o s p h a t e s  poss ibly  added  
wi th  t he  prec ip i ta te .  Resul ts  are r epor ted  in F igure  4. 
The f i l t ra te  of f ish shif ts  t o w ard  the  r igh t  the  curve a t  the  

14 S. RAPOPORT and G. G~ES% J. biol. Chem. 138, 269 (1941). 
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Fig. 3. The effect of Newts haemolysates filtered through Amicon XM 
50 filters on the oxygen dissociation curves of Goldfishes haemoly- 
sates filtered through Sephadex G25. Phosphate buffer 0.1 IV[, 
Temperature 4~ O [] Goldfishes haemolysates filtered through 
Sephadex G25, pit  7.4 and pH 6.8; �9 �9 Same conditions plus 
Hb-free heamolysates of Newts, pH 7.4 and pit  6.8. 
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Fig. 4. The effect of Hb-free haemolysates of Goldfishes filtered 
through Amicon XM 50 filters on the oxygen dissociation curves of 
human haemolysates filtered through Sephadex G25. Phosphate 
buffer 0.i M, Temperature 25 ~ �9 �9 Human haemolysates filtered 
through Sephadex G25, pH 7.4 and pH 6.8; �9 [] Same conditions 
with added ATP (ratio ATP/Hb i0:I), pH 7.4 and pH 6.8; �9 Same 
conditions plus Hb-free haemolysates of Goldfishes, pH 6.8. 
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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 .  

G. MORPUROO, A. M. VACCARO, IR. RASCHETTI, 
C. OCCmONZRO, P. SARTOR and  A. M. BENUCCI 

Istituto Superiore di Sanitg~, Viale Regina Elena 299, 
1-00100 Roma (Italy), 22 M a y  7973. 

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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