
948 Specialia EXPERIENTIA 26/9 

Z,O[ 5 ,80~  4 6.0 JH 1.6 5.5 

~'0.4 ~ kS 
I \ , , v  ', 

0 " r  ~ "" ~ ' ;.0 
~0 ZO ~0 40 50 

~raction number 

Fig. 1. Isoeleetrie focusing of native ( - - - )  and neuraminidase 
treated (--) acid phosphatase I. The diagram is a composition of 
2 separate experiments carried out under the same conditions. The 
electrolysis (600 V/2 mA/48 h) was carried out according to SVENS- 
SON 6 in a 26-ml apparatus ~ filled with 1% ampholine solution (LKB, 
Stockholm) in 0-50% sucrose gradient. @--O, pH gradient. Protein 
concentration paralleled with enzymic activity. 
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Fig.  2. T h e r m a l  d e n a t u r a t i o n  of n a t i v e  ( O - - O )  a n d  modi f i ed  (O--O)  
enzyme at various pH. The reaction mixture of 100[zl of buffer 
solution and 1 [zl of enzyme solution (1 mg/ml) was heated at 55 ~ 
for indicated periods of time, then cooled to 0~ and activity 
determined with p-NPP as a substrate in standard conditions. For 
pH 4.62 and 5.68 citrate and for pH 6.75 Tris-maleic acid-NaOH 
buffer solutions were used. 

Values of K~, V ~  and z] (zJF ~ of native phosphatase I (E) and 
treated with neuraminidase (En) 

Substrate Km V ..... - A (zJ F ~ 

p A  E 1 . 8 5 •  10 - s  9.5 
E~ 1.05 • 10 -a 4.25 364 

d - p G p  E 3.0 x l 0  -a 10.5 
E~ 2.35 • 10 -a  5.0 34 

p - N P P  E 7.25 • 10 -4 4.0 
E~ 7.05 • 10 -4 3.5 28 

All the assays were carried out in 0.1M citrate buffer of pH 5.5, 
with incubation at 37 ~ for 10 min. The values of K~ are expressed 
in moles of substrate per liter and V .... in [xg/ml of Pi or p-nitro- 
phenol. Values of z] (A F ~ are in eal/mole. 

enzyme.  This suggest ion is suppor t ed  by  the  changes  in 
the  decrease of free energy calcula ted for d i f fe rent  sub- 
s t rafes  s : 

1 
AF ~ = --  RT  l n - -  

Km 

hence 

( ~ F  ~ = ~ F G  - ~ F ~  

where  E -n a t i v e  enzyme,  and E n - e n z y m e  t r ea ted  wi th  
neuraminidase .  The Table  shows t h a t  values of A (AF ~ 
decrease in p ropor t ion  to  increasing ac id i ty  of t he  sub- 
s t ra fe  molecule, i.e. f rom pA, t h rough  d-pGp to p - N P P  9,10. 

The phospha ta se  d iges ted  wi th  neuramin idase  was 
more  s t rongly  inh ib i ted  by  L ( + ) - t a r t r a t e  as compe t i t ive  
inhib i tor  11, and the  ca lcula ted  value of K,  for p - N P P  as 
subs t r a t e  is 3 .6•  10 .4 , compared  wi th  6 .2x  10 .4 for 
na t ive  enzyme.  This  is p ro b ab l y  due to  presence  of neur-  
aminic  acid residues on the  surface of the  p ro te in  molecule 
p resen t ing  an obstacle  to  pene t r a t i on  of s t rong ly  polar  
molecules of t he  inh ib i to r  in to  the  act ive center  of the  
enzyme.  

I t  should be emphas ized  tha t ,  according to  Moss  1~ and 
SARAS'vVATHI and BACHHAWAT 13, neuramin ic  acid in 
alkaline pl~osphatases f rom an imal  and  h u m a n  t issues 
p lays  a similar  role in he te rogene i ty  and act !vi ty  as in 
p ros ta t i c  acid phospha tase .  

Rdsumd. On a compar6 cer ta ines  propri6t6s physico-  
ch imiques  e t  enzymat iques  de la phosphomonoes t6 rase  
acide na t ive  de la p ros ta t e  de l ' h o m m e  & celle t rai t6e pa r  
la neuraminidase .  L ' e n z y m e  d6pourvue d 'ac ide  neurami-  
n ique  a t t e i n t  son o p t i m u m  & un p H  41ev6, elle pr6sente  
une plus grande  affinit6 avec cer ta ins  subs t r a t s  e t e s t  
inhib6 d ' une  mani6re plus in tense  par  le L ( + ) - t a r t r a t e  
que la phosphomonoes t6 rase  nat ive .  
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M o l e c u l a r  A r c h i t e c t u r e  of  P e p t i d e  H o r m o n e s  O p t i c a l  R o t a t o r y  D i s p e r s i o n  of  C h o l e c y s t o k i n i n -  
P a n c r e o z y m i n ,  B r a d y k i n i n  a n d  6 - G l y c i n e  B r a d y k i n i n  

The signific.ance of secondary  and  t e r t i a ry  s t ruc tu re  of fo rma t ion  for smaller  molecules is less obvious  and the  
prote ins  wi th  h ighly  specific biological ac t iv i ty  is fully general  impress ion  prevai l ing abou t  shor te r  pep t ide  
recognized:  t he  clefts in t he  molecule of enzymes  accom- chains,  a t  least  in neu t ra l  aqueous solution, is t h a t  of 
moda t e  the  subs t ra tes  and oxygen  fits per fec t ly  into the  randomness .  Pep t i d e  hormones  wi th  cycles formed by  di- 
cavit ies  of myoglobin  or hemoglobin .  A well-defined con- sulfide br idges  (oxytocin,  vasopressin,  insulin) m u s t  have  
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serious l im i t a t i ons  in  a s suming  d i f fe ren t  confo rma t ions ,  
b u t  no  such  l i m i t a t i o n s  can  a pr ior i  be  p o s t u l a t e d  for  
s ingle cha in  pep t ides  such  as ang io tens in ,  b r a d y k i n i n ,  
caerulein ,  etc. I t  was  s o m e w h a t  surpr is ing,  therefore ,  to  
obse rve  t he  op t ica l  r o t a t o r y  d ispers ion  (ORD) a n d  circu- 
lar  d i ch ro i sm (CD) spec t r a  of t he  g a s t r o i n t e s t i n a l  h o r m o n e  
(porcine) secret in.  T he  spec t r a  showed ~ s t r ik ing  s imi l a r i t y  
w i t h  those  of lysozyme,  a p r o t e i n  w i t h  low b u t  well- 
e s t ab l i shed  2 he l ix  con ten t .  T he  O R D  a n d  CD spec t r a  of 
secre t in  (Figures  i a n d  2) were i n t e r p r e t e d  as i nd ica t ions  
for  a p a r t  of t h e  molecule  be ing  in a r igid form. A com- 
pa r i son  of t h e  spec t r a  of t he  h o r m o n e  i tself  w i t h  t he  
spec t ra  of a series of sho r t e r  pep t ides  co r r e spond ing  to  
pa r t i a l  sequences  of secre t in  sugges ted  t h a t  t h i s  r ig id i ty  
in  one p a r t  of t h e  cha in  is a consequence  of i n t r a m o l e c u l a r  
coopera t ive  i n t e r ac t i ons  a b e t w e e n  d i s t a n t  p a r t s  of t h e  
molecule.  A d d i t i o n  of a lcohol  to  t he  aqueous  so lu t ion  of 
t he  N - t e r m i n a l  ha l f  or t h e  C- t e rmina l  ha l f  of sec re t in  in-  
c reased t h e  va lues  a t  t he  m a x i m a  b u t  d id  no t  p roduce  t he  
cha rac t e r i s t i c  spec t ra  of t he  h o r m o n e  itself. On t h e  o the r  
h a n d ,  t h e  c o n f o r m a t i o n  of t h e  comple t e  molecule  was 
found  suf f ic ien t ly  s t ab le  to  al low h e a t i n g  of i ts  aqueous  
solut ion.  A t  a h ighe r  t e m p e r a t u r e  t h e  'he l ic i ty '  decreased  
b u t  t h e  spec t r a  were res to red  on  cooling (Figure  3). 

Whi l e  t h e  spec t r a  of t h e  s ho r t e r  f r a g m e n t s  f rom 
secre t in  x do no t  show comple te  r andom nes s ,  t h e y  e i t he r  
r ep re sen t  some pre fe r red  c o n f o r m a t i o n  for w h i c h  no  
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s imple  geomet r i c  desc r ip t ion  can  be  fo rmula ted ,  or t h e y  
m a y  cor respond  to  severa l  c o n f o r m a t i o n s  s i m u l t a n e o u s l y  
p r e sen t  in  t h e  p o p u l a t i o n  of i n d i v i d u a l  molecules.  Cer t a in  
r igidi ty ,  however ,  could  be  p r e s e n t  even  in smal l  pep t ides .  
The  sequence  of b r a d y k i n i n  4 is sugges t ive  in t h i s  r e spec t  
because  th i s  n o n a p e p t i d e  con t a in s  3 L-proline residues,  2 
of t h e m  neighbors .  Ye t  a n  e x a m i n a t i o n  of t he  O R D  and  
CD spec t ra  of b r a d y k i n i n  ~ a n d  6-glycine b r a d y k i n i n  5 
(Figures 4 a n d  5) fai led to revea l  cha rac te r i s t i c s  t h a t  
would po in t  to  hel ical  or o t h e r  wel l -def ined conforma-  
t ions .  Th i s  o b s e r v a t i o n  is in  h a r m o n y  w i t h  t h e  d i f fus ion 
s tud ies  of CRAIG ~ wh ich  also sugges t  cons iderab le  con-  
f o rma t iona l  f r eedom for b r a d y k i n i n .  

The  conclus ion t h a t  a pep t ide  such as b r a d y k i n i n  conMs- 
t i ng  of 9 amino  acids does no t  h a v e  a p re fe r red  c o n f o r m a t i o n  
b u t  t h a t  a wel l -def ined g e o m e t r y  develops  f rom a ce r t a i n  
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Fig. 2. CircuIar dichroism spectra of lysozyme and secretin. 
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Fig. 1. Optical rotatory dispersion spectra of lysozyme and secretin. 
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Fig. 3. Changes in the optical rotatory dispersion spectra of secretin 
on heating of its aqueous solutions (the changes are reversible). 
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chain length  on (secretin contains  27 amino acids, gluca- 
gon wi th  fairly similar  sequence and somewhat  similar  
spectra  7 29 amino acids), would be a t t r ac t ive  bu t  is not  
well founded. E x a m i n a t i o n  of the  O R D  and CD spectra 
of the  intest inal  hormone  cholecys tokinin-pancreozymin 
(CCK-PZ) s (Figures 4 and 5), a single chain pep t ide  of 33 
amino acids, gives no evidence for s t ruc tura l  r ig id i ty  
which would express itself in spectra s imilar  to those of 
helical  molecules. Whi le  some t rough-l ike depressions can 
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be observed in the  O R D  spectra of bradykinin,  6-glycine 
bradykin in  and CCK-PZ, this should not  be in te rpre ted  
as evidence for helicity. The  ro ta to ry  bands character is t ic  
of helical s t ructures  ( trough at  233 nm, shoulder at  220 
and peak  at  abou t  190 nm) 9 are absent  in Figure  4, while 
a complete  sequence of these character is t ic  features can- 
not  be missed in the  spectra of lysozyme and secretin 
(Figure 1). The  CD spectra (Figure 5) lead to similar  con- 
clusions. (A t rough at  222 nm is known 9 to be characteris-  
t ic  for helical  structures,  a posi t ive  band near  220 nm and 
a nega t ive  around 206 nm for r andomly  disordered poly-  
peptides.) The spectra of bradykinin ,  6-glycine b radykin in  
and CCK-PZ do not  exclude some preferred conformation,  
bu t  t hey  show no evidence for r ig id i ty  similar  to t h a t  
found in helical  molecules. Spectra  of par t ia l  sequences 
f rom CCK-PZ were also s tudied and were found to lack 
features point ing to known secondary or t e r t i a ry  struc- 
tures. 

The  contras t  be tween  the  presence of well-defined con- 
format ion  in secretin and the  absence of rigid geomet ry  in 
bradykin in  or CCK-PZ prompts  the  speculat ion tha t  the  
cooperat ive  in t ramolecular  interact ions  which de termine  
the  archi tec ture  of secretin migh t  be replaced by  similar  
bu t  in termolecular  interact ions  in CCK-PZ (perhaps also 
in bradykinin) ,  t ha t  is by  interact ions  be tween  the  hor- 
mone  and the  ye t  unknown receptor  site. Some support  
for this speculat ion can be found in the  remarkable  fact  
t h a t  while wi th  secretin pract ica l ly  the  whole chain is 
needed for full biological  ac t iv i ty  z0, this is not  t rue  for 
CCK-PZ:  a l ready re la t ive ly  short  C-terminal  sequences 
reveal  the  var ious hormona l  act ivi t ies  of the  CCK-PZ 
itself 1,, 1=. 

Fig. 4. Optical rotatory dispersion spectra of bradykinin, 6-glycine 
bradykinin and ch01ecystokinin-pancreozymin in water. 
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Fig. 5. Circular dichroism spectra of bradykinin, 6-glycine brady- 
kinin and eholecystokinin-pancreozymin in water. 

Zusammenfassung. Die opt ischen Rota t ionsspek t ren  des 
in tes t inalen Hormons  Cholecys tokin in-Pancreozymin wei- 
sen, im Gegensatz  zu denen des Secretins, auf das Fehlen  
bevorzugte r  Konformat ion  und geben Einbl ick  in den 
Zusammenhang  zwischen molekularer  Arch i tek tur  und 
Hormonakt iv i t / i t .  
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